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ABSTRACT 
The resu l t s presented in th is thes is are based on a study, 
conducted over a period of 3 years in agroclimatic condit ions of 
Aligarh, on two pulse crops namely, lentil (Lens culinaris) and 
chickpea [Cicer arietinum). 
a. To determine the opt imum level of weathered fly a sh 
application in soil to improve the growth and yield of 
the two crops. 
b. To s tudy the performance of these two crops when 
inoculated singly with either Rhizobium or Glomus 
fasciculatum and grown in fly a sh amended soil. 
c. To s tudy the performance of these two crops when co-
inoculated with Rhizobium and (^lom.6us fasciculatum 
and grown in fly ash amended soil. 
The thes is r u n s into 7 chap te rs and an overview of each 
chapter is a s follows :-
Chapter - 1 Introduction: This chapter gives a brief 
introduction to the problem of fly a sh disposal and utilization 
and takes note of the cur ren t interest in use of fly a sh in 
agriculture to improve the crop productivity. It also d i scusses 
II 
briefly t±ie characteristics and properties of fly ash which render 
it useful for this purpose. 
The chapter gives a brief introduction to arbuscular 
mycorrhizal fungi and nitrogen fixing bacteria and mentions the 
benefits the host plant may derive from a symbiotic relationship 
with these symbionts. 
Having given a brief introduction to the importance of 
pulses, it is suggested to study their performance in relation to 
fly ash application, single inoculation with either of the two 
symbionts, co-inoculation with both and application of nitrogen 
fertilizer. 
Chapter - 2 Review of Literature: This chapter provides 
an exhaustive review of the available literature on the nature, 
composition and properties of fly ash. impact there of on plant 
growth and productivity and its possible use in Agriculture. 
This chapter also reviews the available literature on 
classification and beneficial effects on plants of nitrogen fixing 
bacteria and arbuscular mycorrhizal fungi, individually and in 
combination. 
Chapter - 3 Materials and Methods: This chapter gives a 
brief description of the agroclimatic conditions of AHgarh, the 
place where tJie study was conducted, and Botany of lentil and 
chickpea. A detailed account of methods employed in this study 
for example the method of preparation of fly ash soil mixtures, 
sterilization of seeds, inoculation with AM fungi and Rhizobium 
and the parameters studied. It also describes in detail the 
analytical methods e.g. estimation of macro and micro 
nutrients, chlorophyll, protein, methods of soil analysis and 
estimation of root colonization by AM fungi etc. 
A total of 6 experiments were conducted as given below: 
Experiment I and II: These experiment were designed to 
evaluate the performance of lentil and chickpea in soil amended 
with various levels of fly ash. A total of seven treatments were 
given, 0%, 5%, 10%, 25%, 50%, 75% and 100% (v/v) fly ash 
respectively. 
Experiment III and IV: These Experiment were based on 
the findings of experiment 1 and II. The plants grown in a 
uniform dose of fly ash of 10% for chickpea and 25% for lentil, 
were given additional treatment of either single inoculation with 
Rhizobium or Glomus fasciculatum or dual inoculation with 
both. 
I l l I.MS IV 
Experiment V and VI: plants grown in uniform dose of fly 
ash as in experiment 11 and IV were supplied with nitrogen in 
the form of basal doze of urea @ 0.5, 10, 20, 25 and 30 kg/ha. 
Each treatment was replicated 3 times and pots were 
arranges in complete random design (CRBD) on glass house 
benches. 
Chapter - 4 Results: The results of each experiment may 
be summarized as follows: nearly all parameters studied 
showed a significant improvement over the control at 25% fly 
ash level in lentil and 10% fly ash level in chickpea. Majority of 
the results obtained were statistically significant. 
Experiment III and IV: 
Application of individual symbiont slightly promoted the 
plant growth and yield but the dual inoculation with Rhizobium 
and Glomus fasciculatum caused a dramatic increase in growth 
as well as yield of both crops. It appears that the effect of 
combined inoculation of host plant was synergistic in nature. 
Experiment V and VI: 
Lentfl showed best performance at 20 kg N and the 
chickpea at 15 kg N h a ' . 
V 
Chapter - 5 Discussion: This chapter attempts to explain 
the results obtained during this study in the light of the current 
knowledge of the subject. 
Chapter - 6 Summary This chapter summarizes the 
entire thesis in a nut shell. 
References: This chapter provides detail references of the 
literature cited throughout the thesis. 
This study was conducted at the department of Botany, 
Aligarh Muslim University, Aligai-h. The objective of this study 
was to evaluate the performance of lentil (Lens culineris) and 
chickpea [Cicer arietinum) in relation to fly ash application, 
single inoculation with either Rhizobium or Glomus 
fasciculatum, of the plants grown in fly ash amended soil, co-
inoculation with both symbionts and application of various 
levels of nitrogen fertilizers on plants grown in fly ash amended 
soil. 
A total of six experiments, designed to achieve these 
objectives, were conducted the plants were grown in 15 cm 
pots. For experiment I and II the plants were grown in 1, 5, 10, 
25, 50, 75 and 100% fly ash soil mixture (v/v) for experiment 3 
and 4, the pots of each crop were divided into 3 batches. Two 
VI 
batches were singly inoculated with Rhizobium or glomous and 
plants of third batch were given dual inoculation with 
Rhizobium and Glomus. For experiment V and VI both crops 
were given basal application of urea @ 0, 5, 10, 15, 20, 25 and 
30 kg Nha-^ In experiments 3,4,5 and 6 the crops plants were 
grown in a uniform mixture of fly ash and soil, 10% for 
chickpea and 25% for lentil. In each experiment, the soil and 
pots were autoclaved before sowing the surface sterilized seeds. 
Growth and yield parameters (root length, shoot length, 
fresh weight of root and shoot, dry weight of root and shoot, 
number of nodules plant^- weight of nodules, number of pods 
plant-i and weight of 100 seeds were measured. Parameters 
associated with Rhizobium and Glomus inoculation (nodule 
number plants, number of functional nodules plant-^ , fresh 
weight of nodules, dry weight of nodules, percent root 
colonization and mycorrhizal spore count) were also measured. 
It was found that lentil showed best performance at 25% fly ash 
level while chickpea showed comparable results at 10% fly ash 
level. It was concluded that lentil is more tolerant to the stress 
caused by fly ash and soil. 
VII 
In inoculation experiments, combined inoculation with 
Rhizobium and Glomus gave best results nearly comparable to 
that obtained by application of nitrogen. 
Application of nitrogen at 25 kg ha-^promoted to 
maximum level, the growth and productivity of lentil while 
chickpea responded in the same manner to 20 kg ha-^ nitrogen. 
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Introduction 
INXRODUCXION 
Coal can be defined as a sedimentary rock formed from 
partially decomposed plant material where swamp conditions 
prevailed (Lu-Kwang Ju , 1992). Coal has been and is critically 
important energy source in India. Among natural resources found in 
India, coal is the major source of commercial energy. (Raman et aJ., 
1999). 
The various types of coal used in India are known to contain 
high amount of ash content along with sulphur. Burning of large 
quantities of high ash coal in thermal power plants releases huge 
amount of fly ash, flue gases and volatile minerals into the 
atmosphere. While non combustible mineral matter is retained as the 
bottom ash. 
In India, there are 82 coal-fired power plants in operation as on 
December 21,1998 (Table-1). Burning of 202.75 million ton coal in 
these power plants results in production of 2.2 thousand ton of fly 
ash day-i (based on information gathered from Internet, 
http://www.cea.nic.in/opt7 vidut chap4.html on 26 June,2002). 
High ash content in Indian coal (Table-2) and inefficient combustion 
technologies account for a high ash production (Singh and Peterson, 
1974). Between 85-95% of the ash is generated in the form of bottom 
ash, which is carried to nearby ash ponds through large diameter 
pipes in the form of a slurry (Plate-1). The remaining 5 -15% goes to 
stack and is trapped in the precipitators, if fitted. However, a 
considerable amount (10-15%) escapes from the stack and is 
subsequently deposited over a large area, falling on the soil and aerial 
parts of the plants. The area affected depends upon the burning 
temperature of the coal, height of the stack and wind velocity etc. 
(Khan and Khan 1996). 
Fly ash and fine particles of inorganic residue from coal 
burning power plants, have created a serious environmental problem. 
Fly ash is considered as a difficult solid waste generated by coal 
burning. The composition of fly ash is highly variable and commonly 
consists of oxides of Si, Al, Fe and Ca and of such elements as Na, P, 
K and S (Lau and Wong, 2000). Fly ash contains most of essential 
plant nutrients, except nitrogen, in appreciable amounts (Adriano, et 
al, 1980; Mishra and Shukla, 1986b). 
The Environmental Protection Agency (EPA) in U.S.A. estimated 
that in 1976 annual loss to agriculture production caused by poor air 
quality was around 2.9 billion dollars. Yield loss has been found to be 
caused by air pollution in a large number of crop plants including 
2 
Ci/nt)<ouf.(ct(,on 
soybean (Lai et al, 1996), pea (Singh, 1994, Matte and Kene, 1995), 
vegetable crops (Khan and Khan, 1996, Khan and Bhardwaj, 2002; 
Khan and Singh, 2001; Raghav and Khan, 2002; and Khan et al, 
2001) and ornamentals (Khan and Abdussalam, 2001), rice (Sarangi 
et al, 1997 and Sharma et al, 2001), maize (Mishra and Shukla, 
1986b and Sharma et al, 2001) etc. Since then, pollution load has 
increased substantially. 
Currently the fly ash is being put to a variety of uses. Use of fly 
ash in the manufacture of bricks, cement and concrete is beginning 
in India, but these products are yet to gain currency among the 
masses, largely because of apprehensions about their strength and 
durability. Fly ash is being used also for road building. It emerges 
from these studies that the idea of using fly ash as fertilizer, though 
unconventional, is not wholly impractical. Further research may find 
ways to minimize the harmful effects of fly ash on plants and soil. Fly 
Ash Mission has commissioned 12 Technology Demonstration 
Projects in association with various Research Ss Development 
agencies, users and fly ash producers (Kumar et al, 1996). At 
present, the volume of fly ash consumed in these activities is but a 
small fraction of the total fly ash production in the countiy. For all 
practical purposes the menace of fly ash remains the same. 
^ (2/nCr<xluciion 
Application of fly ash in agriculture is a fast emerging and promising 
field of research. Given the vastness of land area under cultivation in 
the country, regular use of fly ash in agriculture may be a viable 
solution to this problem. 
Fly ash may have stimulatory effect on plant growth because of 
two important attributes. Firstly, it is rich in micronutrients and 
secondly its fine particle size improves soil texture (Khan and 
Bhardwaj, 2002). The responses determined so far range from 
beneficial effects of small concentration of nutrients at low levels of 
fly ash content in the soil to toxic effect at high concentrations 
(Druzina et al, 1983; Singh, 1993; Chang et al, 1977). Utilization of 
fly ash in agriculture would not only be a solution to the problem but 
would also decrease the use of chemical non-nitrogen fertilizers. 
Maintenance of a healthy and pollution free environment is a 
current issue of global importance. The degradation of the soil by 
chemical fertilizers, fungicides, pesticides and weedicides has created 
a chemophobia among the scientific community the world over. The 
observations have shown that application of mycorrhiza can enhance 
the plant's resistance to biotic and abiotic stresses (Newsham et al, 
1995 and Ricken and Hofner 1996). Mycorrhiza is a term which 
designates a symbiotic non-pathogenic relationship between certain 
fungi and plant roots. 
These fungi possess special structures known as arbuscles 
helping in the transfer of nutrients from the soil into the root system. 
The greatest advantage given by AMF to host plant is many fold 
increase in surface area available for absorption of water and 
nutrients. Further, extensive ramification of and soil penetration by 
fungal hyphae enable the host to exploit the soil beyond the depletion 
zone, which would have otherwise been inaccessible to the host. 
The extramatrical hyphae of mycorrhizal fungi grow out of the 
infected root into the soil and act as an extension of the plant's root 
system. Thus, the volume of the permeated soil becomes much 
greater with the hyphae of the mycorrhizal fungus than with plant 
root hairs .A concomitant improvement is observed in the uptake of 
nutrients, specially relatively immobile mineral elements such as P, 
Zn and Cu and also to a limited extent ions of Ca, K, Fe, Mg, Mn, CI, 
Br and N (Tinker, 1984; Copper and Tinker, 1978; Harrier, 2001) 
resulting in enhanced plant growth. Mycorrhizae improve the 
phosphorus nutrition of the host particularly in low fertility soil 
through exploration of the soil by the external hyphae beyond the 
root hairs and phosphorus depletion zone (Gray and Gerdeman 
(2/ntro<lticiion 
1969).Increased water uptake by mycrorrhizal fungi alters the plant 
physiology to ameliorate the stress response to soil drought (Parke et 
a/., 1983, Safir and Nelson, 1985) Mycorrhizal fungi also reduce plant 
response to other soil stresses such as high salt levels, toxicities 
associated with mine spoils or land fills and heavy metals (Tinker 
1984). AM fungi have been found to reduce the incidence of plant 
diseases in may instances by providing protection to plant roots. A 
role of AM fungi in improving soil structure also has been shown 
(Nicolson, 1960). 
Earth can be conceived as immersed in an ocean of nitrogen. 
However, atmospheric nitrogen is not available to plants because of 
its relatively inert nature under normal temperature and pressure. 
The process of symbiotic nitrogen fixation is of immense 
importance both from economic and environmental point of view. 
Industrial fixation of atmospheric nitrogen needs great energy inputs 
and is not environment friendly because of the attendant risk of 
leakage of ammonia into the atmosphere. The process of biological 
nitrogen fixation, a biochemical process evolved over millions of 
years, on the other hand results in conversion of dinitrogen to 
ammonia without any external energy input or adverse 
environmental impact. Leguminous crops, besides providing pulses, 
^ Q!/nCro</uctwn 
oil seeds and fodder etc. make still greater contribution by way of 
fixing large quantities of atmospheric nitrogen. Estimates of amounts 
ol nitrogen which can be fixed by leguminous crops range from 70-
100 Kg ha-i yr-i in peas and beans to over 300 Kg ha^ y r ' for clover 
or lucernce (Postgate,1982). 
The process of symbiotic nitrogen fixation is greatly affected by 
environmental factors. Large quantum of information is available on 
interaction between nitrogen fixation and such factors as 
temperature (Roughley, 1977; Pankhurst and Gibson, 1973), light 
(Dart, 1977; Gibson, 1977), moisture (Hamdi, 1971; Aparicio-Tejo et 
al, 1980), CO2 (Shiveshankar and Vlassak, 1978) and soil pH and 
nutrient status etc. Review of literature showed that adequate 
information on effect of fly ash on nodulation in leguminous plants 
was not available. 
Apparently, the microbial ecosystem of the soil is affected by 
the application of fly ash (Singh, 1989; Khan, 1989; Singh, 1993; 
Khan and Abdussalam, 2001 and Khan and Singh, 2001). Root 
nodule bacteria and AM fungi are also affected by addition of fly ash 
in soil (Jahan, 1993; Abbas, 1994 and Kulsheshtha, 1995). 
Pulses are an important source of protein in human diet. The 
vegetarian population, especially, relies on pulses for dietary protein 
requirements. Pulses are used as a food in a variety of forms. Besides 
this they fix atmospheric nitrogen symbiotically in association with 
root nodule bacteria and show no or little dependence on nitrogen 
fertilizers. Pulses are able to grow under a wide range of soil and 
climatic conditions. They withstand dry conditions more successfully 
than most other commonly grown crops. 
For proper dosage application and the favourable impacts on 
crop productivity and response of microbial ecosystem, use of fly ash 
as fertilizer needs to be thoroughly analysed. Despite potential 
benefits, the commercial use of fly ash as a non-conventional 
fertilizer for crop production is not common due to lack of 
information about several aspects. 
Present study was conducted to know how these symbiotic 
systems respond to fly ash application in agroclimatic condition of 
Aligarh. Moreover, in view of the nitrogen deficient nature of fly ash it 
was considered appropriate to find out the effect of nitrogen 
application on growth and productivity of selected pulse crops grown 
in fly ash amended soil. 
Fly ash has all the macro and micronutrients except organic 
carbon and nitrogen. Nitrogen uptake, plant concentration and 
growth rate are central to the role of nitrogen within plant (Walker et 
ah, 2001). So studies were conducted to understand the interaction 
of fly ash and nitrogen fertilization on the growth, productivity and 
biomass of lentil and chickpea and to recommend a suitable optimum 
doze of nitrogen application in fly ash amended soil. 
The Thesis is divided into Introduction, Literature Review, 
Material and Methods, result, Discussion, Summary and 
Bibliography. 
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Table 1: Power and coal usage statistics at the thermal power plant in India 
S.No. 
IR 
2R 
3R 
4R 
5R 
6R 
7R 
8R 
9R 
lOR 
I I R 
12R 
13R 
14R 
15R 
16R 
17R 
18R 
19R 
20R 
21 
22R 
2 3 
24R 
25R 
26R 
27R 
28R 
29R 
j 30R 
SIR 
32R 
33R 
34R 
35 
36R 
37R 
38R 
39R 
40R 
41R 
42R 
43R 
44R 
45R 
46R 
1 47R 
1 48R 
1 49R 
Power s ta t ion 
BADARPUR 
I.P.STATION 
RAJGHAT 
FARIDABAD 
PANIPAT 
BHATINDA 
LEHRA 
ROPAR 
KOTA 
SURATGARH* 
ANPARA 
HARDUAGANJ 
DADARI 
OBRA 
PANKI 
PARICHA 
RIHAND 
SINGRAULI 
TANDA 
UNCHAHAR 
KUTCH% 
SABARMATI# 
DHURVARAN 
GANDHINAGAR 
SIKKA 
UKAI 
VANAKBORI 
BHUSAWAL 
CHANDRAPUR 
DAHANU 
KHAPERKHEDA 
KORADI 
NASIK 
PARAS 
TROMBAY 
PARLI 
AMARKANTAK 
SANJAIGANDHI 
KORBA II&III 
KOREA WEST 
KORBA STPS 
SATPURA 
VINDHYACHAL 
KOTHAGUDEM 
RAYALSEEMA 
NELLORE 
RAMAGUNDAM 
RGUNDAM(STPS) 
VIJAYAWADA 
Installed 
capaci ty 
(MW/Day) 
7 0 5 
277 .5 
135 
165 
650 
440 
420 
1260 
850 
500 
1630 
3 8 5 
840 
1442 
274 
220 
1000 
2000 
330 
840 
2 1 5 
330 
534 
870 
240 
850 
1470 
478 
2340 
500 
840 
1080 
910 
5 8 
1150 
690 
290 
840 
400 
840 
2100 
1143 
2260 
1170 
420 
30 
6 3 
2100 
1260 
Generat ion 
MW/Day 
502 
136 
62 
131 
362 
3 0 0 
4 2 5 
8 4 0 
856 
5 1 6 
1630 
135 
6 5 3 
1014 
165 
80 
9 6 0 
1545 
195 
826 
166 
326 
348 
722 
2 2 5 
7 7 5 
1048 
4 4 5 
1705 
412 
630 
662 
810 
29 
6 5 8 
6 2 5 
2 0 1 
770 
3 1 5 
630 
2 1 5 3 
8 4 5 
2204 
1004 
432 
2 3 
5 8 
2160 
1281 
Coal /un i t 
of e lectr ic i ty 
(kg/KWH) 
0.81 
0.86 
0 .83 
0.97 
0.82 
0 .73 
0 .73 
0.70 
0 .75 
0 .73 
0.70 
1.02 
0 .65 
0 .88 
0.90 
0 .88 
0.66 
0.61 
0.96 
0.74 
0 .73 
0 .73 
0 .73 
0.60 
0.67 
0.72 
0.67 
0.79 
0.79 
0.62 
0.76 
0.84 
0.74 
0.82 
0 .73 
0.80 
0.72 
0.72 
0.97 
0.68 
0 .68 
0.88 
0.65 
1.08 
0 .78 
1.21 
0 .73 
0 .63 
0 .73 
MiUion 
KWH/ 
Day(MU) TM 
14.87 
2.96 
1.93 
2.96 
9.74 ] 
6.83 1 
9.96 
22.67 1 
20.40 
11.85 
37.71 
3.07 
18.90 
21.30 
3.56 
1.75 
24.09 
44.06 
4.90 
19.66 
3.65 
6.60 
8.23 
17.09 
4.99 
16.74 
25.14 
10.80 
44.39 
10.77 
14.84 
17.03 
17.60 
0.96 
15.61 
14.73 
4.70 
17.19 
7.29 
14.48 
50.14 
19.22 
51.13 
22. .39 
10,08 
0.45 
1.45 
50 .65 
30.41 
Q/ntrouuc(t ton 11 
50i 
51i 
52 
53i 
54i 
55R 
56R 
57R 
58R 
59R 
60R 
61R 
62R 
63R 
64R 
65R 
66R 
57 
68R 
69R 
70R 
71 
72R 
73R 
74R 
75P 
76P 
77P 
78 
79R 
80 
81 
TOTAL 
ENNORE 
METTUR 
NEYVELLI(S) 
NORTH MADRAS 
TUTICORIN 
RAICHUR 
BARAUNI 
MUZAFFARPUR 
PATRATU 
TENU GHAT 
KAHAL GAON 
BOKARO A&B 
CHANDRAPURA 
MEJIA 
DURGAPURDVC 
BANDEL 
CALCUTTA 
NEW COSSIPORE 
S.GEN STATION 
DURGAPUR-DPL 
KOLAGHAT 
BAKRESHWAR* 
SANTALDIH 
TITAGARH 
BUDGEBUDGE* 
FARAKKA 
TALCHAR-NTPC 
TALCHAR-STPS 
IB VALLEY TPS 
BONGAI GAON 
CHANDRAPUR/ASSAM 
NAMRUP 
ALL INDIA 
450 
8 4 0 
600 
630 
1050 
1260 
310 
220 
770 
420 
840 
8 0 5 
750 
6 3 0 
350 
530 
190 
130 
135 
390 
1260 
630 
480 
240 
500 
1600 
460 
1000 
420 
2 4 0 
60 
30 
5 3 2 1 6 
157 
860 
550 
646 
1070 
850 
40 
6 5 
274 
200 
7 4 5 
260 
100 
4 7 5 
300 
150 
141 
50.6 
136 
9 3 
1210 
383 
150 
240 
500 
1470 
390 
490 
406 
0 
7.82 
5.13 
0.94 
0.75 
0.76 
0.74 
0.76 
1.06 
1.09 
0.96 
0.87 
0.84 
0.80 
0.79 
0.70 
0.62 
0.59 
0.89 
0.62 
0.74 
0 .73 
0.77 
0.60 
0.64 
0.77 
0.83 
1.01 
0 .75 
0.91 
0.66 
0.66 
0.66 
0 . 7 3 
3.75 
20.33 
12.77 
15.20 
25.13 
21.20 
1.25 
1.50 
5.23 
4.8 
17.7 
5.70 
3.39 
9.90 
7.20 
4.87 
3.07 
2.11 
3.26 
4.39 
29.00 
9.20 
3.60 
5.76 
12.00 
34.95 
9.40 
11.60 
9.700 
0.80 
0.33 
0.21 
*Kg/KWH are the average for the eastern region 
#Kg/KWH are the average for the western region 
©Lignite is used as fuel 
TM based on monthly average 
R Rail feed plant 
P Pit-head plant 
1 Inter model 
l^ote: Amarkantak and Amarkantak extension are merged together. 
Similarly Korha Hand Korba III are merged together. 
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Burning of coal releases oxides of carbon, sulphur and 
nitrogen and particulate matter (Hesketh, 1973). Pulverized 
bituminous or sub-bituminous coal used in India contains 
25-40% ash, leading to formation of about 60 million tons of 
fly ash annually. 
Fly ash is grayish powdery waste. Its ecofriendly 
disposal and gainful utilization is one of the most serious 
issues the environmentalists and planners face today. In 
India around 4000 hectare precious land is needed annually 
to dispose off fly ash (Lai, 1994). In view of the presence of 
numerous vital plant nutrients, agronomic use of fly ash is 
being explored. However, fly ash application may adversely 
affect the activity of beneficial soil microbes because of the 
heavy metal contents. This aspect needs intensive Research 
as functioning of both natural and agricultural ecosystem is 
liable to be disturbed consequent to the disturbance of soil 
microflora. 
Chemically, the composition of fly ash varies according 
to the quality and the combustion technology of the coal. On 
Cfievieio op^^i2ter<i£ure 5^ 4 
an average, 95 to 99% of fly ash consists of oxides of Si, Al, 
Fe and Ca and about 0.5 to 3.5% consists of Na, P, K and S 
and the remainder is composed of trace elements. In fact, fly 
ash contains practically all the elements essential for plant 
growth except organic carbon and nitrogen (Zacharia ef al., 
and Negi and Meenakshi, 1991). Size of the fly ash particles 
may vary from 0.02^1 to over 30fj.. It contains incompletely 
burned coal and the carbon content of fly ash may vary from 
5-20%, although in some samiples it may be as high as 50%. 
A large number of minerals such as AI2O3, Fe203, CaO, MgO, 
K2O, P2O5, Sn02 and traces of Ni, Be, V, Hg, Se and Mn may 
occur in fly ash (Bhatia, 1978). Kamath (1979) by using 
neutron activation analysis, determined the concentration of 
17 elements in coal and corresponding fly ash (Na, K, La, Ce, 
Hg, Tb, Th, Cr, etc.) collected from stack precipitators of coal 
based power plants. Analysis of ash samples collected from a 
dumping site shows that major matrix elements in fly ash 
were Si and Al, together with significant percentages of K, Fe, 
Ca and Mg. Some of the biologically toxic elements (Ni, Cr, 
Pb, B and Mo) were also present in substantial amounts 
(Wong and Wong, 1989, Onliveerose et al, 1990; Sikka and 
Kansal 1994). Ash collected directly from electrostatic 
c^tevieut off ^zUiera/A/re 15 
precipitators are finer in texture, lower in pH and generally 
richer in nutrients than the ash collected from dumping sites. 
Analysis of fly ash from the Thermal Power Plant, 
Harduaganj, Aligarh was done by Pasha (1991). Total organic 
carbon and total nitrogen were 0.07% and 0.05% 
respectively. Total metal elements analysed were Pb (27.56 
ppm), Ni (06.90 ppm), Mn (22.80 ppm), Co (3.82 ppm), B 
(21.71 ppm), Cu (01.52 ppm), K (722.20 ppm), Cr (13.91 
ppm), Cd (0.24) ppm. Zn (03.04 ppmf) and Fe (02.43 ppm). 
The concentrations of K, Pb, Mn and B were higher than 
other metals. In another analysis done by Khan et al., (2001) 
fly ash was found to have pH 8.5, electrical conductivity 0.90 
dSm-i; organic matter 0.41%; available NH4*-N 38.90; NO3-N 
30.0, NO2-N 7.50 mg kgi soil, available P 35.0 mg kg-i. 
Concentration of available metals as determined by atomic 
absorption spectrophotometery are Na (320 ppm), Mg (13500 
ppm), K (360 ppm), Ca (12600 ppm), Cr (2.6 ppm), Mn (5.8 
ppm), Fe (20 ppm), Co (4.0 ppm), Ni (2.68 ppm), Cu (94.2 
ppm), Zn (3.4 ppm), Cd (4.17 ppm) and Pb (3.8 ppm) 
Physicochemical analysis revealed exceedingly high 
concentrations of important plant nutrients Hke P, K, Ca, Mg, 
ivlew of ^£lfe}'alttre 
Mn, Si, Se, B etc. in the soil collected from a field one Km 
away from the power plant (Khan et. al, 1998). 
Fly ash contains some toxic compounds like di-benzo-p-
dioxime (Helder et al, 1982). Poly chlorinated di-benzofurans 
(PCDFS) are reported from a waste incineration plant 
(Mustafa et al, 1994). Certain unsaturated hydrocarbons 
such as di-benzofuran, di benzo-p-dioxime mixture are also 
present in fly ash (Sawyer et al.,, 1983). These chemicals 
may cause toxicity to plants (Wong and Wong, 1989; Singh 
and Yunus, 2000; Khan, 2001. Fly ash contains relatively 
moderate concentrations of Cd and Cu and much higher 
concentrations of Al, Pb and Zn (Sawyer et al,.; 1989 ). 
Lisk et al, (1979) reported enhanced absorption of B, 
Cu, Co, Fe, Mg, Mn, Mo, Se and Zn by the plants growing on 
fly ash amended soil. Lettuce, spinach, wheat, tomato, 
perennial rye and chickpea absorbed Se in proportion to the 
percentage of ash in the growth media (Littman et al, 
1988). Khan and Khan (1996) reported 62% and 113% 
increase in root and shoot boron of tomato plants grown in 
10% ash amended soil. The root boron contents gradually 
7jiew o-l oCi/A'/radure 
increased with the ash concentration leading to a maximum 
increase of 39. 46% over the control in 100% ash. 
Fly ash has high concentration of heavy metals. These 
elements may get absorbed by the plants grown on fly ash 
and may ultimately enter the food chain. Despite fairly 
intensive research over the last 25 years, the data on trace 
elements accumulation are sketchy and inconsistent Boron 
in fly ash is readily available to plants and is considered to be 
a limiting factor in unweathered fly ash utilization (Townsend 
and Giltham, 1975; Elseewi ei a\., 1978 and Ciravolo and 
Adriano, 1979). 
There are several reports on the presence of 
radionuclides in fly ash but studies on their impact ai'e few 
(Gowiak and Pacyna, 1980). The radioactive pollution of 
Uranium and Thorium series is always present in fly ash. The 
concentration of natural uranium varies from 14 to 100 ppm. 
In exceptional cases it may be as high as 1500 ppm whereas 
that of Thorium is less than 100 ppm. (Eisenbud and Petrow, 
1964). The fly ash concentration besides other gaseous and 
trace metal oxides, several radioactive contaminants like 222 
Ru and 220 Ru (Sharma et a/., 1989). 
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Soil texture may be modified by application of 
appropriate quantities of fly ash (Townsend and Gillham, 
1975; Elseewi et al, 1978 and Ciravolo and Adriano, 1979). 
Fly ash addition @70 t ha-^ is reported to have altered the 
texture of sandy and clayey soil to loamy (Fail and Wochock, 
1977). 
It is generally observed that both sandy and clayey soils 
tend to become loamy in texture (Capp, 1978) in the US, the 
average silt content in fly ash is about 63.2% (Sharma et al, 
1989). Mechanical composition (sand, silt, clay) shows a clear 
variation on increasing dozes of fly ash. (Khan et al, 2001). 
The particle size distribution, especially the silt size 
particles of fly ash affects the bulk density of soil. Chang et 
al, (1977) observed that among the five soil types Reyes silty 
clay showed increase in bulk density from 0.89 to 1.01 when 
corresponding rates of fly ash amendment increased from 0 
to 100%. But soils with bulk densities varying between 1.25 
and 1.60, a marked decrease in bulk density was observed by 
the addition of fly ash. Page et al,. (1979, 1980) reported that 
fly ash amendment to a variety of agricultural soils tend to 
decrease the bulk density. Optimum bulk density ensures 
ivieulew o-l^l2/x'j)<<ftifre 
improved soil porosity, workability of the soil, root 
penetration and moisture retention capacity of the soil. 
Chang et al, (1977) reported that an addition of 8% 
(w/w) of fly ash increased the water holding capacity of the 
soil. They also reported that soil hydraulic conductivity 
improved at lower rates of fly ash application but deteriorated 
beyond 20% in calcarious soil and 40% in acidic soils. 
Improvement in water holding capacity is beneficial to plant 
growth and yield, especially under rain fed agriculture. 
In India, fly ash is mostly alkaline in nature. This 
property of fly ash can be exploited to reclaim acidic soils 
(Elseewi et al., 1978; Phung et al, 1978). Jastraw et al, 
(1979) reported that addition of fly ash improves soil pH. Fly 
ash application raised the pH of acidic soil from 5.4 to 9.9 
and that of calcarious soil from 8.0 to 10.8 (Page et al, 1979). 
Excessive use of fly ash, (especially unweathered fly ash ), to 
alter pH can increase soil salinity (Sharma et al, 1989). 
Fly ash is rich in micro and macro nutrients, therefore, 
its application to deficient soil enhances plant growth (Planks 
and Marteus, 1974; Martens and Beahm, 1978). The biomass 
Kytevf-efo ol^Lj/xiraif/j'e „_ 
production of two grasses [Agrosiis tenuis and Festuca 
arundinacea) and a legume (Lespedeza cuneata) was 5-30 
times higher in fly ash amended plots (Fail, 1987). 
Elseewi (1980) reported a significant improvement in 
dry shoot weight of some desert plants and yield of barley 
consequent to application of fly ash to soil. Shim son and 
Mordeca (1988), however, reported development of black-
brown necrotic lesions on citius fruits due to ash fall out. 
Studies on agronomic use of fly ash have demonstrated that 
the impact of fly ash application on growth is a function of fly 
ash level in soil. To a certain level fly ash promotes growth 
beyond which growth declines due to toxic effects of fly ash 
(Khan et al, 2001 and Khan and Bharadwaj, 2002). 
Application of fly ash in soil increased the plant growth, dry 
matter production and/or yield of soybean (Lai et al, 1996); 
maize (Mishra and Shukla, 1986b); rice (Sarangi et al, 1997), 
pea (Singh et al, 1994); Lactuca sativa (Shrivastava et al, 
1993) and tomato (Khan and Khan, 1996). Khan (2001) 
reported that the growth and flowering of some seasonal 
ornamental plants grown in 50 to 75% fly ash were 
comparable to those grown in soil compost mixture. Scanlon 
iytevifMi oi^U.te'rafuye 
and Duggan (1979), reported that the growth of tree and 
shrub seedlings was satisfactory in fly ash amended soil 
The effect of fly ash and fly ash water was studied on 
Triticum aestivum var. Kalyan sona by Karpate and 
Chaudhary (1997). Plants were either irrigated with 25%, 
50%, 75% and 100% fly ash water or grown in 50%, 70% and 
90% fly ash amended soil. At lower concentrations the fly ash 
water and fly ash had stimulating effect on the crop. 
However, at higher concentrations, the treatment showed a 
deleterious effect. In another study, addition of fly ash 
resulted in improved seedling emergence and dry weight yield 
of Agropyron elongatum (Wong and Su, 1997). Wong and 
Wong (1989) found that seed germination of Brassica 
parachinesis and growth of B. chinensis were enhanced in 
sandy soil amended with 3 to 6% fly ash. But in soil amended 
with 12% and 30% fly ash, seed germination was significantly 
reduced. In general, the dry weight of crop plants was 
enhanced. Seedling length, first leaf, shoot and cotyledons 
were longer in 3 % amendment but reduced in 12% and 30% 
amendment. At 3 % fly ash improved seedlings growth of both 
plants. Higher levels of fly ash amendment (12 and 30%) 
21 
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produced adverse effect on growth. Khan and Khan (1996), 
reported that fly ash addition to soil resulted in luxuriant 
growth, bigger and greener leaves, improved plant growth and 
yield (flowering, fruiting fruit weight/plant, mean fruit 
weight), carotenoids and chlorophyll were enhanced from 40 
to 80% being optimal at 50% or 60%. Beta vulgaris plants 
raised in 2,4 and 8% fly ash amended soils showed improved 
plant growth, yield and sugar content at low fly ash level. 
However, the accumulation of elements like V, Cd, Cu, Fe, 
Mn, Ni and P was observed (Singh et al., 1994). Sikka and 
Kansal (1995) studied dry matter yield and nutrient 
composition of 60 day old rice and wheat plants and pH and 
available nutrient s tatus of soil amended with 0 , 2 , 4 and 8% 
(w/w) of fly ash. Low fly ash doses (2-4%) promoted dry 
matter production of paddy but higher levels (8% w/w) had a 
significant depressing effect. The Fe content of wheat plants 
increased significantly from 138 ppm in control to 161 ppm 
in plants grown in soil amended with 8% of fly ash. 
Srivastava et al, (1995) studied the effect of soil 
amendment with varying levels of fly ash on growth and 
pigment content of Lactuca sativa. A marked increase in 
22 
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growt±i was noticed in plants grown in 10% fly ash-soil 
mixture. Higher doses (20-30%) caused a definite 
suppression of growth. Pigment contents followed the same 
trend. Results indicated that application of fly ash in low 
concentration promoted growth, dry matter production and 
photo synthetic pigments. Ash treatments of 30, 40 and 50 Kg 
ha-i increased the bean dry matter yield over control by 49, 
57 and 64% respectively (Krejsl ei al, 1996). Plant growth 
and yield of chickpea and lentil gradually increased with the 
increasing level of fly ash from 10 to 50%. However, higher fly 
ash levels (60-100%) suppressed growth and yield (Singh, 
1989). Soybean plants grouni in 25% and 50% fly ash showed 
significant improvement in plant growth, yield, leaf pigment, 
protein and oil contents of seeds. Further increase in fly ash 
level caused suppression of these parameters (Singh, 1993 
and Singh et al, 1994). Root and shoot biomass of Hordeum 
vulgare and Portualca sp. showed an increasing trend upto 
25% fly ash, though maximum growth was attained at 5% 
level of fly ash (Bhatia, 1978). A study on growth of wheat in 
black - cotton soil amended with various levels of fly ash 
showed increased plant height, dry matter production and 
photo synthetic pigments at 20% fly ash level (Pawar and 
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Dubey,1982). Mishra and Shukla (1986b) fed plants of maize 
and soybean wit±i fly ash at the rate of 2,4 and 8 gm/day for 
30 consecutive days between 15 and 46 days of plant age. 
Both crops showed an increase in plant height, metabolic 
rate, content of photosynthetic pigments and all dry weight 
fractions measured at two lower rates of fly ash application. 
The response was due to correction of Boron deficiencies by 
fly ash application. The highest dose caused reduction in all 
parameters. Khan eta/., (2001) observed the effect of fly ash 
concentrations of 0,5,10,15,20,30 and 35% gmKg-' on seed 
germination, growth and metal uptake by barley and wheat 
plants. The beneficial effects on physiological developments 
were observed at 20 and 30 % gm/Kg soil respectively, 
thereafter, a phytotoxic effect was observed. The results of 
plant analysis showed an increase in the concentrations Of 
K, Mg, Fe and Zn upto 30 and 20 gm/Kg soil in barley and 
wheat respectively. On the other hand, the contents of Na, 
Cr, Mn, Co, Cu, Ni, Cd, Pb uptake was found to have 
increased through out the entire range of fly ash 
amendments in both plants. 
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Khan et al., (2001) worked on winter ornamental plants 
viz. Acroclynevfi roseum, Brachycome idesidifolia, 
Dimarphotheca sinulata, Linum usitatissimum, Calendula 
officinalis, Papaver rhoeas., Tagetus patula, Helichrysum 
bracteatum, Tropaeolum majus, Salvia officinalis in soils 
amended with varying levels of fly ash (0,25,50,75 and 
100%). While Acroclyneum, Salvia and Papaver showed 
positive response to certain levels of fly ash treatments. Kalra 
et al, (1997) studied the effect of fly ash treatment on wheat, 
chickpea, mustard and lentil. Winter crops were given the fly 
ash treatments of 0, 10%, 20%, 30% and 40% rice and maize 
were the summer crops which were given the treatments of 0, 
5%, 10% 15% and 20%. They found that rice and maize were 
relatively less sensitive to ash as regards the seed 
germination than the winter season crops. Germination of 
mustard was most affected. Thus, it may be inferred that 
different crops respond to fly ash treatment in a different 
manner. Moreover, the response of same crop varies 
according to the fly ash level in soil. Pasha (1991) observed 
best growth of cucum^ber plants in soil amended with 10 and 
25% of fly ash. Foliar application of fly ash can also improve 
plant growth. Ash dusting @ 2-6 gm-™2 d a y ' increased the 
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plant height, dry weight chlorophyll and carotenoids of 
chickpea and wheat (Dubey ei.al, 1982); maize and soyabean 
(Mishra and Shukla, 1986b). Higher level of fly ash can cause 
toxicity to plants. Satyanarayna et al, (1988) reported that 
higher ambient level of fly ash decreased shoot growth and 
leaf pigments.of Qatura innoxima. Khan and Ghadiipour 
(1999) examined relative efficacy of broadcast, row and spot 
treatment of fly ash on the growth and yield of chilli, egg 
plant and tomato. Fly ash was applied @ 6 Qt /ha in fields 
through the above mentioned modes. Row application of fly 
ash @ 3Qt ha-i significantly increased the plant growth and 
yield of tomato cultivars (Khan and Singh, 2001). 
Addition of fly ash in soil alters physicochemical 
characteristics of soil that may directly influence activity of 
soil microorganisms including pathogens. Effect of soil 
application of fly ash on a few soil borne pathogens have been 
examined. Fly ash incorporation in sofl (20%-100%) adversely 
affected the root invasion by the larvae, disease intensity 
(number of galls/root system) and reproduction (number of 
egg masses/root system) of root knot nematode, Meloidogyne 
sp. on cowpea and tomato (Khan et al.„ 1993, 1997). Mature 
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female nematodes excised from roots of pea plants and grown 
in 50 or 75% fly ash developed abnormalities and 
irregularities (Singh ei al, 1994). Field application of fly ash, 
especially spot and row treatments greatly decreased the 
intensity of root knot disease and reproduction of the 
nematode on chilli, egg plant and tomato. In a recent study, 
Khan and Singh (2001) reported fungicidal effect of 3-6 Qt ha-
1 fly ash on the soil population of Fusarium oxysporum f. 
lycopersici and resultant decrease in wilt severity in tomato 
plants. Microorganisms are the primary mediators of many 
basic ecological processes such as bio-geo-chemical cycling of 
various elements, formation of organic matter by chemo and 
photosynthesis, mineralization of carbon, nitrogen, 
phosphorous, sulphur and other elements necessary to 
maintain the fertility of the soil (Babich et al, 1983). 
Consequently, interference in these ecological processes by 
environmental pollutants can greatly affect the quality of 
biosphere (Babich and Stotzky, 1974). Singh (1993) observed 
that higher concentration of fly ash suppressed root nodule 
bacteria (BradyRhizobiumjaponicum) and root-knot nematode 
[Meliodogyne javanica). Pasha (1990) reported decreased soil 
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population of M. javania females. Egg mass production and 
fecundity decreased with increasing fly ash levels. 
Absence of nitrogen in fly ash may be responsible for 
poor plant growth and adversely effect on nitrogen content of 
plants grovvTQ in fly ash amended soils (Mishra and Shukla, 
1986b, Adriano et al, 1980). Inhibition of root nodulation in 
legumes was reported in soils amended with fly ash (Singh, 
1989) which may have been caused by heavy metals present 
in fly ash. Inhibitory effects of heavy metals on root 
nodulation on leguminous crops have been reported by Khan 
et al,. (1987). Wong and Wong (1986, 1989) reported that fly 
ash contains very small fraction of nitrogen (0.2%). Besides 
plant g r o w ^ and yield, leaf pigments and seed proteins are 
also affected adversely due to poor nitrogen availability in fly 
ash amended soils. Singh (1993) reported that root 
nodulation and leaf nitrogen gradually decreased with an 
increase in fly ash concentration. Pillman et al.,. (1997) 
reported that Enchylarena tomentosa and Nitraria billardierei 
transplants, grown in fly ash show nitrogen deficiency. In the 
same study the application of N fertilizer (NH4NO3) at 100 -
28 
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150 mg kg-i, increased the growth and dry matter production 
of Enchylaena optimally. 
Utilizable plant nutrients are found in fly ash which 
enrich the soil in micro and matronutrients (Druzina et al, 
1983). Addition of fly ash to soils can neutralize soil acidity 
and can increase ion exchange capacity and pore size which 
may enhance plant growth and yield (Jones and Stranghan, 
1978; Adriano et al,. 1980). Higher levels of fly ash are 
harmful to plant growth because it contain some toxic 
compounds like di-benzodi-oxime (Helder et al, 1982). 
The term Mycorrhiza was coined by Frank in 
1887.However, the phenomenon of mycorrhizal association is 
quite ancient (Pirozynski and Malloch,1975; Remy et al, 
(1994) and Taylor et al, (1995) reported the presence of 
hyphae and arbuscle in the fossils of Aglaophyton. This 
evidence suggests that AM symbiosis was in existence in the 
Devonian period. This important finding suggests that 
arbuscules are more primitive than the vesicles and that may 
be the reason for absence of vesicles among many AM fungi 
species. Trappe (1996) defined mycorrhiza as "dual organs of 
absorption formed when symbiotic fungi inhabit healthy 
ivie/uiefM of^tyf/x'/fa^f/re 
organs of most terrestrial plants". Plant roots are normally 
infected by non-pathogenic mycorrhizal fungi. AM fungi are 
the most widely occurring symbiotic fungi under varying 
climates like temperate, tropical and arctic. AM fungi cover 
four-fifths of all land plants including agrononically 
important crops. This association helps in high uptake of 
phosphorus by extending the area of absorption through 
fungal hyphae Mycorrhizal fungi were first divided into 
ectotrophic and endotrorphic mycorrhizae (Harley, 1969). 
They were later divided into ectomycorrhizae, 
endomycorrhizae and ectendomycorrhizae, the last being 
described as an intermediate form. Endomycorrhizae are 
subdivided into vesicular-arbuscular, cricoid and orchid 
mycorrhizae. The latter two occur in association with the 
plants of the families Ericaceae and Orchidaceae, 
respectively. 
AM fungi belong to the family Endogonaceae and order 
Endogonales in the class Zygomiycetes. Gerdemann and 
Trappe (1974, 1975) recognised five genera i.e. Glomus, 
Gigaspora, Endogone, Acaulospora, Sclerocystis. All these 
genera form symbiotic association with plant roots. Trappe 
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(1982) gave a synoptic key to the genera of Endogonaceae 
and described nine genera of complexes According to Morton 
and Benny (1990), there are six genera of AM fungi grouped 
into a separate order Glomales in Zygomycetes (Fig.-l). 
Modicella Schenek and Perez (1987) reported 120 species of 
soil fungi forming mycorrhizae. AM fungi genera are 
circumscribed on the basis of the manner of spore formation, 
fruiting bodies and spores provide taxonomically good 
characters, for example the presence or absence of 
sporocarps, spore colour and ceU wall thickness, number of 
ceU wall layers, ornamentation, as weU as shape and number 
of hyphal attachment on the spore. Glomus forms terminal 
chlamydospores on a single undifferentiated hypha. Species 
of this genus may be separated into two broad groups on the 
basis of presence or absence of sporocarps. Gigaspora is non-
sporocarpic, forming azygospore on a large suspensor. 
Acaulospora, a non-sporocarpic taxon, produces single large 
azygospore on a hypha which terminates in a large vesicle. In 
sclerocystis, the chlamydospores are arranged tightly in a 
single layer around a central plexus of sterile hyphae. 
The most common type of endom.ycorrhizae, found in 
majority of the world's vegetation is the AM fungi. The hyphae 
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of AM fungi grow between and into root cortical cells, where 
they form highly branched "tree like" structures called 
arbuscles. They are formed intracellularly as hyphae 
penetrate mechanically and enzymatically into cortical cells 
in the form of highly ramified arborescences within a few 
days of infection (Kinder and Brown, 1975c, Rich and Bird, 
1974). Arbuscule can be considered as the haustorium in as 
much as it is an intercellular terminal branch that is perhaps 
involved in interchange of material between the host and 
fungus. 
Bifurcated arbuscule hyphae are enveloped by a host 
drivecL encasement layer (Cox and Sanders, 1974; Scannerine 
A 
and Bonfante Kaspari, 1975; Cox et al, 1975) and 
continuously in-vaginate host plasmalemma forming a wide 
contact between the two symbionts. Arbuscles, however, are 
short lived and can be digested by host within few days after 
formation (Cox and Sander, 1974; Kinden and Brown, 1975 
a, b) Large, multinucleate, terminal or intercalary oil rich 
storage structures known as vesicles may be produced on 
both intracellular and intercellular hyphae. These provide 
large surface for the exchange of nutrients between the host 
plant and the invading fungus. 
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Order: Glomales Morton & Benny 
Suborder: Glominese Morton & Benny 
Family: Glomaceae Pirozynski 8& Tulasne 
Genus: Glomus Tulasne & Tulasne 
Genus: Sclerocystis (Berkely & Broome) 
Almeida & Schenck 
Family: Acaulosporceae Morton & Benny 
Genus: Acaulosora (Geredemann & Trappe) 
Berch 
Genus: Entrophosphora Ames & Schneider 
Suborder: Gigasporineae Morton & Benny 
Family: Gigasporaceae Morton & Benny 
Genus: Gigasora (Germemann & Trappe) 
Walker & Sanders 
Genus: Scutellospora Walker & Sanders 
Fig. 1. Classification of Order Glomales as proposed by Morton 
and Benny (1990) and cited by Harrier (2001). 
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AM fungi are world wide in distribution and have been 
isolated from the soils of a variety of habitats. They are found 
in soil in form of chlamy do spores, zygospores and 
azygospores. More than 6000 fungal species are capable of 
establishing mycorrhizal association with about 2,40, 000 
plant species, but relatively few anatomical types of plant-
fungus interactions result from such impressive biodiversity 
(Verma 1998a). Spores of Acaulospora laveis also called 
"honey coloured sessile" have been reported in Australia, 
Brazil, England, New Zealand, Pakistan, Scotland, South 
Africa and the U.S.A. (Gerdemann and Trappe, 1974, Mosse 
and Bowen, 1968). Redhead (1977) found AM fungi in all 15 
exotic and 44 out of 51 indigenous plant species in a low land 
tropical rainforest in Nigeria. St. John (1980) reported an 
abundance of AM species with magnoleoid root systems in a 
Brazilian rain forest. 
The most intricate plant-fungus relationships are 
probably those found in arbuscular mycorrhizal fungi (AMF), 
which are most widespread in their distribution, both among 
plant species and geographically (Srivastava et al, 1996), 
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occurring in about 80% of plant species (Bonfante and 
Perotto, 1995). 
AM is also abundant in temperate grasslands. Grush 
(1973) found both AM infections and resting spores to be 
abundant and widespread in the native tussock hill 
grasslands of New Zealand. Read et al, (1976) found that 
plant species of family Poaceae (Graminae) were heavily 
infected with AM in the semi-natural hill grasslands in 
northern England, mid-Wales, Western United States and 
Canada (Sparling and Tinker, 1978; Hayman and Mosse, 
1972) species of Gigaspora were abundant in hot climates of 
Australian heaths and dunes (Seward et al.,. 1978, Koske, 
1981) and Glomus and Acaulospora species were abundant in 
New Zealand (Crush, 1973, 1975). Out of 40 plant species 
belonging to 15 families, 88% were found to be heavily 
infected with AM fungi in natural vegetation system of Iraq 
(Franies and Merivani, 1988). O Dell and Trappe (1992) 
reported AM infection of lupine and some other legumes in 
North Western USA. AM fungi are also reported from diverse 
habitats in India (Godse et al.,, 1976, Bagyaraj et al, 1979b; 
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Parvathi et al, 1984; Kheri et al, 1987; Chandra and 
Chatterjee 1989; Kehri and Chandra, 1990). 
AM fungi are found in diverse groups of plants from 
Bryophytes (Harley, 1983; Parke and Lindreman, 1983), 
Gymnosperms and angiosperms (Gerdemann; 1968) 
irrespective of the region or the ecological conditions under 
which they grow. According to Gerdemann (1974), families 
not forming Arbuscular mycorrhizae include Pinaceae, 
Betulaceae, Fumariaceae, Commelinaceae and Urticaceae. 
Families that rarely form such symbiotic association, include 
Brassicaceae, Chenopodiaceae, Polygonaceae, and 
Cyperaceae. Families that form both ectomycorrhiazae and 
AM include Juglandeaceae, Tiliaceae Myrtaceae, Salicaceae, 
Fagaceae and Caesalpiniaceae (Gerdemann, 1974). 
AM associations have been reported in a number of 
plant species by several workers: Maize (Gerdemann, 1964); 
Cotton (Butler, 1939); Potato (Sievers, 1953); Tomato (Drafts 
and Nicolsen, 1966); Peas (Jones, 1924); Apple (Mosse, 1959); 
Strawberry (C Briens Mc Nanghton, 1928; Wilhelm, 1959); 
Citrus (Neill, 1944); Tea (Butler, 1939); Coconut (Johnson, 
1949) and Brazilian rubber tree (Wastie, 1965). There exists a 
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marked seasonal fluctuation in AMF spore population. In 
temperate climate their population rises towards autumn and 
declines in winter (Ha3anan, 1970; Nicolson and Johnson, 
1979; Mukherji et al, 1982). 
AMF cause localized morphological modifications in 
infected roots, some of which may be advantageous for the 
host. In tomato and cucumber (C. sativus L.) there is 
observed an increased lignification of root endodermis cells 
and this may, probably, account for the reduced Fusarium 
wilt (Dehna and Schonbeck, 1979). In some plants yellow 
pigmentation accompanies root colonization and the 
endodermis may become thickened. Development of 
endomycorrhizae results in the loss of root hairs, without 
formation of external fungal mantle except for the relatively 
sparse external hyphae that occur at the rhizoplane and 
extend out into the soil. 
The physical and chemical effects of the fungal hyphae 
in surrounding soil, result in a very different potential in the 
rhizosphere "Mycorrhizosphere". The term was suggested by 
Rambelli (1973) to describe the soil surrounding and 
influenced by mycorrhizae. Gianinazzi Pearson et al, fl991) 
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found high deposition of DD-l, 3 glucose and a t±iickening of 
cells at the point of contact. This indicates the activation of 
the defense system of plant. Dehne et al., (1982) 
demonstrated increased concentrations of anti-fungal 
Chitinase in AM roots. 
Extramatrical hyphae of AM fungi may absorb water 
under soil drought conditions (Hardie, 1985). Extramatrical 
hyphae that extend out some distance from the host tissue 
into the soil have profound effect on the soil microflora 
(Graham ei al, 1982; Rhoads and Gerdemann, 1978). 
Extramatrical hyphae of AM fungi exude substances that 
cause soil and organic fractions to aggregate (Sutton and 
Shepherd, 1976). Forster and Nicolsen (1981) observed the 
microorganisms flourish in these aggregates and fungi, 
bacteria, actinomycetes and algae (including Cyanobacteria) 
have been isolated from them. 
Among the benefits that a host plant derives from 
mycorrhizal associations, enhancement of phosphorus 
uptake is of great significance. (Smith and Lee, 1997). 
Phosphorus is the "Master Key" element in crop production 
(Pierre, 1988). Biological demand of phosphorus and its 
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behaviour in soil creates a paradoxical situation. On the one 
hand phosphorus is needed in large quantities by plants and 
on the other it tends to become immobile either by binding to 
soil colloids or by becoming fixed as aluminium or iron 
phosphate at low pH and asalcium phosphate at high pH. 
Therefore, the soil around the absorption zone of the roots 
soon becomes exhausted of available phosphorus. This zone 
is termed as " zone of phosphorus depletion" (Nyke and 
Thinker, 1977). Slow replenishment of depletion zone with 
phosphate limits the phosphorus uptake and consequently 
plant growth. External mycelium of a mycorrhizal fungus 
grows through this zone to the phosphate rich soil beyond. 
Thus hyphae continue to grow and explore new volume of 
available phosphorus rich soil. Phosphate uptake from the 
soil by AM fungal hyphae and subsequent translocation to 
the root cortex has been well documented (Jackobsen, 1999). 
Most of soil phosphorus is not present in vegetation during 
the growing season. 
AMF improves the availability and uptake of N and K 
also in poor soil. Young et al, (1986) inoculated soybean 
plants with Glomus fragilis and Glomus fasciculatum 
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separately and grew them in four different t5rpes of soil. 
Plants inoculated with G. fasciculatum showed improvement 
in phosphorus uptake and yield. Mc Gonigle and Fitter (1988) 
showed that the rate of phosphate uptake per unit root 
length in Trifolium repens was proportional to the extent of 
mycorrhizal infection. In an other pot trial, inoculation with 
G. calospora and G. fasciculatum resulted in dry matter 
production and phosphorus uptake equivalent to that 
produced by adding phosphorus at 8 Kg ha-^ (Krishna and 
Dart, 1984). The efficiency of utilization of various forms of P 
mineral by mycorrhizal plants depends on the species of 
mycorrhizal fungi present and on the soil type. When 
soybean has shown that the hyphae of AM fungi transport ^sp 
from the soil to the host. Six mycorrhizal fungi were tested as 
inoculant for pearl millet grown in pots maintained in a 
greenhouse. AM fungi varied in their ability to stimulate plant 
growth and phosphorus uptake. Inoculation with Gigaspora 
margarita, G. calospora and Glomus fasciculatum increased 
shoot dry weight 1-3 fold over uninoculated control (Mc 
Gonigle and Fitter, 1988). Studies on transport by hyphae of 
3 AM fungi i.e. Acaulospora laevis, Glomus sp and 
Scutellospora calospora associated with Trifolium 
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subterraneum showed tliat after 37 days Acaulospora laevis 
transported phosphorus over a longer distance than the other 
two fungi (Jakobsen et al, 1992). Pearson and Jakobsen 
(1993) found that hyphae of Glomus caledonicum were most 
rapid in 32p uptake and transfer in cucumber among three 
AM fungal species i.e., Glomus sp, Scutellospora calospora 
and Glomus caledonicum. Sander and Tinker (1973) showed 
that inflow of phosphorus into mycorrhizal onion roots was 3-
4 times more than that is uninfected roots. Absorption of 
phosphate by mycorrhizal fungi is followed by the synthesis 
of polyphosphates in fungal vacuoles which thereafter, are 
translocated to host plant. 
In addition to their role in phosphate assimilation, AM 
fungi have been reported to play an important role in 
nitrogen transfer to and from plants (Raven et al, 1978). No 
evidence is available to show that mycorrhizal fungi bring 
about nitrogen fixation. Raven et al.,. (1978) reported that AM 
fungi assimilate and transport ammonium ions as well as 
some organic nitrogen compounds to their host plants, at low 
pH and low N availability. Ames (1983) supplied nitrogen to 
mycorrhiza inoculated and uninoculated plants of celery 
40 
^Keviem of^L2Ce'ra(ure 41 
[Apium graveoleus L.) from ^^ N labeled organic and inorganic 
N sources. He observed tJiat mycorrizal plants took up about 
25% of total 15N labeled inorganic nitrogen supply while 
uninoculated plants absorbed only 3.4% of nitrogen in a 
similar treatment. Spokes (1989) studied the effect of 
different levels of phosphorus and nitrogen on mycelial 
growth and infection by Acaulospora schoenoprasum and 
Glomus caledonicum. Maximum growth was noted at 
intermediate levels of P and N. Root colonization by AM fungi 
i.e. Glomus etunicatum, Gigaspora margarita was found to be 
often suppressed by phosphorus addition. However, addition 
of nitrogen stimulated or suppressed root colonization of both 
AM fungi in Allium cepa (Sylivai and Neal, 1990). Smith et al, 
(1986) found that mycorrhizal infection increased the 
glutamate synthetase activity in clover, onion and lettuce. 
They suggested that this enzyme, which had a high affinity 
for NH3, might be important in the uptake of ammonia by soil 
hyphae. 
AM fungal association can play a very important role in 
obtaining increased yields by enhancing Zn supply to plants 
from soil. Barber (1962) gave three processes for mobilization 
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of nutrients from soil to the surface of plant roots, namely 
mass flow, root interaction and diffusion. Among these 
diffusion is considered to be the most important since it is 
often the rate limiting process in the mobilization of Zn to 
plant roots (Wilkinson et ai.,, 1968). In green house 
experiments with mungbean in soils fertilized with graded 
levels of Zn (0, 25 and 5 mg/kg soil), treatment with Glomus 
macrocarpum increased Zn mobilization to plant roots. 
Rhodes and Gerdemann (1975) have shown that mycorrhizal 
plants are able to extract more nutrients from the soil 
through their extramatrical mycelium which, in certain 
cases, extends upto 8 cm beyond the root surface and thus 
facilitates absorption in a nutritionally poor zone. Mycorrhizal 
exudates are capable of forming soluble Zn complexes in the 
rhizosphere, due to which fixation of Zn in soil is reduced, 
diffusion is improved and the availability of Zn to plants is 
increased (Cakmak and Marschner; 1988). Translocation of 
sulphur and calcium has been investigated by Rhodes and 
Gerdemann (1975, 1978a, 1978b), but the translocation of 
Ca appears to be less efficient than translocation of 
phosphorus. 
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Symbiotic nitrogen fixation by root nodule bacteria in 
leguminous plants is a very important natural biological 
process. Elkan (1984) reorganized species of root nodule 
bacteria and created a new genus Bradyrhizobium. According 
to this classification the genus Rhizobiumconsists of three 
species, R. leguminosarum, containing three biovars (biovar 
trifolii, biovar phaseoli and biovar viceae ), R. melliloti and R. 
loti. The fast growing members of the cowpea rhizobia and the 
former species R. lupinus were included in species R. loti. 
They are fast growing , subpolar flagellated strains from Lotus 
and Lupinus, with strong affinity for L. corniculatus, L. 
densiflorus and Anthyllis imlneraria, but also nodulate 
Omithopus sativum. It also includes the fast growing strains 
nodulating Cicer, Sesbania, Leucana, Mimosa and Lablab. 
The new genus BradyRhizobiumis monotypic with one 
species, B. japonicum, which consists of the former species R. 
japonicum and the slow growing members of the cowpea 
rhizobia. They are slow growing, polar or subpolar flagellated 
strains nodulating soybean, Lotus uliginosus, L. pendutulatus 
and Vigna. Slow growing strains nodulating Cicer, Sesbania, 
Leucaena, Mimosa, Lablab and Acacia are also included in 
this genus. 
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All members of the genus i?/iizobiuminhabit t±ie soil as 
free-living bacteria However, in this state these bacteria can 
not fix Nitrogen and must establish symbiotic relationship 
with a suitable host to express their Nitrogen fixing 
capabilities. This symbiotic relationship results in the 
formation of wart like out growths on host roots and are 
known as "root-nodules" or simply "nodules". The sequence 
of complex events that lead to nodule formation is termed as 
'nodulation'. Several authors (Hopkins 1999 and Salisbury 
and Ross) have given a succinct account of the process of 
nodulation. 
In presence of host roots the Rhizobial population 
increases greatly around the root due to "Rhizoapheric Effect" 
(Whipps, 1990). Roots exude a variety of amino acids, sugars 
and organic acids that may function as nutrients for rhizobia 
and other soil organism. However, an unusual amino acids, 
homoserine, secreted by pea roots is a preferred source of 
carbon for pea root Symbiont (Hopkins, 1999). As a result of 
exchange of chemical signals between the rhizobia and host 
roots, the former are attracted towards the later. At the same 
time, in response to signals from the rhizobia, the roots are 
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Stimulated to increase root hair production. The root hairs 
undergo branching and curling at the tip. Bacterial signals 
that initiate these responses remain unknown, but there are 
evidences to suggest that rhizobia either release hormones or 
stimulate the activity of endogenous hormones in the host 
roots. 
Rhizobia penetrate the root hair, probably, by degrading 
the cell wall. It is suggested that cell wall material degrading 
enzymes such as pectinase, cellulase and hemicellulase are 
released by the rhizobia. 
Once inside the root hair the rhizobia proceed towards 
the root cortex in the form of an infection thread. This thread 
is formed by invagination of cell membrane and elongates by 
adding new membrane material. Besides this, a thin layer of 
cellulose material is deposited on the main surface of its 
membrane. Thus, technically the invading bacteria never, 
actually, enter the host cell. Finally, the infection thread 
reaches the developing nodule, with a preformed 
merestematic zone. Here, the infection thread releases the 
bacteria into the host cells. Now the bacteria cease dividing, 
enlarge and differentiate into specialized nitrogen-fixing cells 
cn^e^leio op oLctera^ut^ 
called "bacteroids" and remain surrounded by a membrane, 
the "peribacteroid membrane". 
Symbiotic N2 fixation is highly sensitive to changes in 
environmental factors. Gibson and Jordan (1983) have 
provided an exhaustive review of nitrogen fixing systems 
including Rhizobium- legume system. In following pages, 
some aspects of impact of various environmental factors on 
i^hizobium-legume symbiotic system will be discussed in 
brief. Drought conditions result in decreased N2 accumulation 
and yield of legume crops (Serraj, 1999). Establishment, and 
activity of legume-i?/iizobiumsymbiosis are extremely sensitive 
to drought stress Zablotowicz et al, 1981 and Kirda et al.,. 
1989 ). Several workers (Saxena et al.,. 1993; Wery et al,. 
1994 and Subba and Rao et al, 1995) have observed a 
productivity of the legume crops by intermittent drought that 
may occur at any time during the growing season when rain 
fall is inadequate or by terminal drought which occurs when 
stored soil moisture is depleted resulting in crops 
senescence. In fact, N2 fixation is more sensitive to drought 
than many other physiological processes like gas exchange 
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(Kuo and Boersma, 1971; Sinclair, 1986; Durand et al.,. 
1987) or photosynt±iesis (Djekoun and Plankon, 1991). 
Maisefield (1961) reported large increase in nodule 
number and mass for four legume species when subjected to 
regular irrigation. Smith et al, (1988) reported a substantial 
decrease in nodule mass in both common bean (Phaseolus 
vulgaris) and soybean subjected to drought. Later workers 
(Sangakkara et al, 1996 and Sinclair et al, 1988) have 
observed a direct relationship between severity of drought 
and reduction in nodule number and dry weight. Both 
partners and all steps of the i?/iizobium-legume symbiosis 
establishment are sensitive to drought stress. Legume strains 
are more tolerant to stress compared to host plant (Singleton 
et al, 1982). Rhizobial strains can survive in water films 
surrounding soil particles (Williams and deMallorca, 1984). 
Nodule sucrose S3aithetase activity and abcissic acid are 
involved in the drought inhibition of N2 fixation (Gonzalez et 
al, 2001). However, fast growing rhizobia are more drought 
sensitive than slow groudng ones (Sprent, 1972). Soil 
dehydration may impede the growth and movement of 
rhizobia in soil leading to disruption of the first steps of 
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symbiosis establishment (Hamdi, 1970; Drought conditions 
may even interfere with Rhizobium- host plant recognition 
process. Zahran et al, (1994) showed that exposing rhizobia 
to osmotic stress resulted in alteration of bacterial membrane 
( lipopolysaccharide involved in this critical process. Finally, 
the process of root hair infection by Rhizobiumand the 
formation of infection thread has also been found to be 
seriously inhibited by water deficits. (Sprent, 1972). Nodule 
morphology and longevity of nodule meristem also seems to 
determine the sensitivity of the nodule to drought. 
Indeterminate nodules which have prolonged meristematic 
activity have some what greater resistance to low soil - water 
deficit ( Swaraj, 1987) than determinate ones which have 
limited meristematic activity. A lower rate of water flow into 
the nodule has a potential to directly influence nodule oxygen 
permeability (Serraj et al, 1999).Tropical legumes which 
transport ureids appear to be more sensitive to soil drying ( 
Serraj, 1999 ). 
Nitrogen fixation is directly and indirectly influenced by 
soil acidity on bacteria and on the host. Different species of 
Rhizobiumand their strains vary in their tolerance to soil pH . 
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Among tropical and temperate legumes, both tolerant and 
intolerant species are found and they have different 
responses to lime (Munns, 1976 ; Munns ei al, 1977). 
According to Freire (1976) the effect of soil acidity and 
pH are related factors on soybean nodulation and N2 fixation. 
Calcium is required in adequate amounts for development of 
well defined nodulation, growth and activity of Rhizobium. 
Soil acidity, availability of nutrients (such as macro-and 
micro- nutrients Ca, P, Mn, Al, B, Mo and Cu ) and uptake by 
plants are correlated to each other. Lime applications correct 
Al and Mn and the availability of many other elements in soil 
(Andrew, 1976 ). 
Rhizobiumphaseoli can grow at limiting pH 4.0 - 4,4 in 
liquid media. Paulino et al, (1987) observed a decrease in the 
number of nodules and acetylene reduction of pea plants 
infected with R. leguminosarum at low pH 5.2. Adverse soil 
pH may influence the symbiosis between legumes and 
rhizobia by effecting the growth and survival of the rhizobia, 
by inhibiting infection or indirectly through an effect on the 
availability of mineral nutrients which may be essential or 
toxic (Gibson and Jordan, 1983). In general, tropical legumes 
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are better adapted to nodulate at low pH than those from 
temperate regions, but there are sufficient exceptions that 
necessitates the examination of each species under the 
appropriate conditions (Munns, 1977b). Legumes from 
tropical regions are better able to nodulate at low pH than 
those from temperate regions (Munns, 1977b). According to 
Freire (1976) the effect of soil acidity and pH are related 
factors on soybean nodulation and N2- fixation. 
Rhizobiumphaseoli can grow at limiting pH values from 4 -
4.9 in liquid media. Paulino et al, (1987) observed a decrease 
in a number of nodules and acetylene reduction of pea plants 
infected with Rhizobiumleguminisarum at low pH- 5.2. 
Adequate calcium supply is required for growth and activity 
of Rhizobiumas well a s effective nodulation. However, it is 
difficult to separate the nutritional effects of added calcium 
and the neutralizing influence of CaCOa. Some correlation 
exist between soil acidity and nutrient availability, growth, 
macro and micro, to plants. Application of lime corrects 
calcium deficiency and toxicities of Al and Mn. However, 
Freire (1984) emphasizes that this dilemma is no longer valid. 
Voss (1981) studied 60 Rhizobiumphaseoli isolates from bean 
soils of the state of Rio Grande do sul and reported that pH 
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and related factors have a marked effect on the comparative 
ability of four strains. Mengel and Kamprath (1978) reported 
that the critical pH for most of the soils, they studied in 
North Carolina, United states was in range of pH 4.6, 4.8. 
They also observed a significant increase in nodule number, 
weight and nitrogen content of plant tissue with the rise in 
soil pH. 
Root nodulating bacteria are free living bacteria in soil 
and in the root region of both leguminous and non 
leguminous plants. However, they develop symbiotic 
association only with the roots of leguminous plants and 
form nodule on them. As root nodules become older after a 
period of nitrogen fixation, decay of tissue occurs, liberating a 
motile form of Rkizobiuminto the soil, t hus providing a source 
of inoculum for the succeeding crop of a given species of the 
legume (Subba Rao, 1972, 1975). Recently MuUer et al.,. 
(2001) studied the redifferentiation potential of Rhizobiumsp. 
NGR 234 bacteroids isolated from functional and senescent 
root nodules of Lotus japonicus. It was found that the number 
of bacteroids yielding CPUs (colony forming units) did not 
decrease in senescent nodules. 
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The release of Rhizobia from nodules is crucial for the 
evolution of nitrogen fixing bacteria (Sprent and Raven, 
1992). Pod filling and environmental perturbations like 
defoliation, darkening and water deficit cause nodule 
senescence (Vikman and Vessey, 1993, a, b, c ). Proteolytic 
activities increase senescence (Pfeiffer et al, 1983; Vincent 
and Brewin, 2000) due to degradation of leghaemoglobin 
(Pladys et al, 1991; Vikman and Vessey, 1993 a, b, c; 
Moreau et al, 1996) and also due to increase of reactive 
oxygen species (Evans et al, 1985; Metamoros et al, 1999 
a,b). Plant infection by Rhizobia normally occurs through root 
hairs (Ljunggren, 1969; Dart, 1974). Nodule consists of 
three major tissues: a central infection zone, an inner cortex 
that includes vascular bundles, and an outer cortex (Serraj et 
al, 1999). Carbohydrates and other metabolites are delivered 
to the nodule infection zone via diffusion from the phloem in 
the nodule cortex. The product of N2 fixation, either amides 
mainly asparagines and ureides (allantoin and allantoic acid), 
are exported to the shoot via the xylem (Schubert et al, 1995; 
Walsh, 1995). Bacteroids are surrounded by several layers of 
cortical cells which show a direct positive relationship with 
nitrogen fixation. 
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However, Udvardi and Day (1997) believe that 
bacteroids are more or less completely digested during nodule 
senescence. Survival of bacteria after nodule senescence is 
doubtful (Vikman and Vessey, 1993, a, b. c; Swaraj et al, 
1993). Bacteroid proteins are protected from proteolysis in 
senescing nodules (Pfeiffer et al, 1983; Sarath et al, 1986), 
due to the presence of protease inhibitor ( Garbers et al, 
1988; Manen et al, 1991). The effective nodules are generally 
large and pink in colour due to leghaemoglobin (Bergersen 
and Briggs, 1958). 
In tropical and subtropical areas soil temperature was a 
major limiting factor for beans (Grahm and Halliday, 1976). 
Kleuson et al,. (1986) reported that temperature affected 
nodulation by R. japonicum on soybean. Its growth both in 
broth and soil were also affected by temperature. The 
competitiveness of all inoculum was increased, when 
temperature was raised from 20 to 35 °C. Vegetative growth 
of soybean and nodulation were minimum at 20 °C and 
optimum at 30 °C. 
Keyser and Munns (1979) studied the direct effect of Al 
and Mn toxicity on rhizobia. They found that when toxic 
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levels of Al and/or Mn are present in the soil, the limiting 
amount of P fertilizer was required for promoting adequate 
nodulation. Andrew (1976) observed that in acid soils Mn 
toxicity and Ca deficiency was less important factor than Al 
toxicity and acidity, which was increased in pasture legumes. 
Geopfert (1971) reported that grain yield of soybean, P 
availability in the soil and nodule weight of soybeans had a 
close relationship. In many of the acid soils of the tropics and 
subtropics and even in some temperate soils, toxic levels of 
exchangeable Al, Mn or both are present. Many workers have 
reviewed the extensive literature and presented original 
results on the effects of Al and Mn toxicities on the 
rhizobium- legume symbiosis (Freire, 1976). The effect of Al 
toxicity appears to be indirect; e.g., on root growth, nodule 
initiation, or on the physiology of host plant. Al interferes 
with the uptake and use of Ca, and plant tolerance to Al 
seems to be closely associated with the ability to absorb and 
transport Ca in the presence of excess Al. The inhibitory 
effect of Al on Ca absorption is well confirmed by finding 
related to the Al: Ca: Mn relationship. Tolerance to Mn 
toxicity is related to high Ca: Mn ratios in plant tissues 
rather than the content of Mn alone. Munns (1976) cites 
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critical concentrations of Mn in tissues of many tropical and 
temperate legumes. The figures presented ranged from 200 
ppm for soybeans to 1600 ppm. for Centrosemapubescens. 
There is also evidence that Al tolerance is related to the 
ability of the plant to absorb and utilize P in the presence of 
Al. Several studies on the effect of lime and P on nodulation, 
N2 fixation, and yield of soybeans conducted in acid soils in 
southern Brazil (Freire, 1976). The neutralization of high 
acidity and such linked factors as Al toxicity and the 
correction of nutritional deficiencies are essential to the 
attainment of high N2 fixation and high productivity. In some 
soils, P fertilization per se alleviates the inhibition of 
nodulation, but where toxic levels of Al and/or Mn are 
present, liming is essential to prcHA)te' kdequfate .^lodulation 
for high N2 fixation and high yieldl' 
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There has been little study bf th,e-;tolerailce of legumes 
to Al and Mn toxicity. Insensitive or less sensitive species to 
Al or Mn toxicity are more common among tropical legumes 
than among temperate legumes. Desmodium uncinatum, 
Lotononis bainesii, Macroptilium lathyroides, and Trifolium 
rueppen- Lianum are cited by Munns (1976) as very 
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Rhizobia are also affected by application of fungicides/ 
insecticides in soil. Five fungicides (Dithane M-45, Thiram, 
Blitox, Captan, Emision) and four insecticides (Thional, 
Malathion, Aldrin and BHC 50) at different concentrations, 
were tested for their effect on different RhizobiumSp. Most of 
the chemicals were non- inhibitory to Rhizobiumat lower 
concentrations. At higher concentrations, the chemical 
became inhibitory but the response of various Rhizobiumsp. 
to these chemicals was different (Poi and Ghosh, 1986). 
Becana and Janet (1989) showed a significant reduction 
in the total content of Lb in Glycine max, Pisum sativum, 
Trifolium repens, Vigna radiata and Vigna anguiculata except 
in Lupinus luteus, when all the nodules of each host were 
treated by NO3. 
Wery et al.,. (1994) showed that drought stress in 
chickpea [Cicer arietinum L.) depressed N2 fixation more than 
plant growth and grain yield: mineral N supply stimulated 
plant growth under drought stress. 
Nodule activity was less affected by salinity than the 
process of nodulation (Bekki et al, 1987; Hafeez et al, 1988) 
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which due to salinity inhibition of root hair expansion and 
curling (Sprent and Zahran, 1988). Exposure of soybean 
plants to O.IM Na CI resulted in rapid decrease in 
nitrogenase activity and nodule respiration (Serraj et al, 
1994; 1998a). N2 fixation is more sensitive to salinity than 
plant growth (Yousef and Sprent, 1983; Delgadio et al, 1994; 
Serraj and Drevon, 1998). Na CI inhibits nodule growth and 
N2 fixation in Glycine max (Bernstein and Ogata, 1966) and 
G. wightii (Wilson, 1970). 
The effect of K on the Rhizobium-legume symbiosis is 
indirect and acts through the physiology of the plant because 
there is no direct effect on the bacteria or on nodule 
formation. 
The level of available K is commonly high in many soils 
of the tropics and subtropics, even in soil of low fertility and 
soils that are under utilized because they are in low 
productivity agriculture or in natural pastures. Soil analysis 
usually show high levels of K availability, and there is no 
response to K in short-term fertility trials. However, when 
these trials are conducted for more than two years, K 
deficiency begins to appear (Freire, 1984). 
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Freire, (1976) reviewed the literature on the effect of 
mineral nitrogen in soil on the Rhizobium-legume symbiosis. 
If nitrate or ammonium is in excess, detrimental effects occur 
because of an inhibition of nodule formation and nitrogenase 
activity. He drew the following conclusion: 
a) there is an inverse relationship between mineral N and 
symbiotic nitrogen, a relationship that may be 
explained by a competition for photosynthates. 
b) Positive responses to applied N may be obtained in 
stress conditions or during poor-growing seasons, at 
which time nodulation, N2 fixation, or both would be 
inhibited. 
c) Plant supplemented with mineral N at planting time 
receive a better start and are taller and greener. 
d) Prolonged adverse environmental conditions may 
increase the influence of added N. 
e) Nitrate uptake and metabolism are of primary 
importance during vegetative growth and flowering, 
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where as N2 fixation becomes more important during 
pod filling. 
Many legumes require a high level of P nutrition but 
Stylosanthes sp., Lupinus showed little response to P above a 
low level (Burt et al, 1980). Higher levels of P on early 
nodulation and nodule development is involved in 
Stylosanthes humilis (Gates, 1974). Vigna unguiculata is move 
tolerant of low P than Glycin max (Cassman et al, 1981), 
especially when dependent on N2 fixation, whereas Trifolium 
repens and Lotus comiculatus show a similar response to 
increasing P supply (Hart et al, 1981). 
Potassium may also be detrimental to nodulation and 
N2 fixation. (Freire, 1976) observed that the application of K 
CI without lime increased the availability of Mn in soil as well 
as the Mn concentration in soybean tissue. Nodulation was 
reduced in plants grown in pots but not in the field of 
Brazilian acid soil rich in Al and Mn. 
Nodulation of various leguminous species has been 
shown to be responsive to the inoculation with mycorrhizal 
fungi. Interaction between AM fungi and root nodule bacteria 
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was found to be synergistically beneficial for plants. Bagyaraj 
and Menge (1978) observed an increased mycorrhizal 
colonization on dual inoculation with AM fungi and 
rhizobacteria. The microbial interactions in the 
mycorrhizosphere of A mycorrhizae have been reviewed by 
Barea and Azconaguilar (1982) and Bagyaraj (1984). Increase 
in rhizosphere populations of bacteria and Actinom3^cetes 
was reported by Bagyaraj and Menge (1978), when plants 
were inoculated with Azotobacter or AMF, inoculated single 
or in combination.Combined inoculation resulted in highest 
increase. Meyer and Lindermann (1986) observed no 
quantitative difference in total bacteria in the rhizosphere soil 
from mycorrhizal plants, but a significant qualitative shift 
were found, on comparing the rhizoplane and rhizosphere 
soil with regard to selection of qualitatively different 
functional groups of bacteria from the naturally occurring 
microflora. 
As seeds germinate and roots grow through the soil the 
loss of organic material provides the driving force for the 
development of active microbial population around the root, 
known as the rhizosphere effect (Whipps, 1990; Morgan and 
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Whipps, 2001). Stimulation of microbial activity caused by 
saprotrophs is enhanced. Mutualistic biotrophic symbiosis 
may develop between rhizobia and legumes and mycorrhizal 
fungi may interact with the host (Whipps, 2001). 
Mycorrhizal inoculation enhances nodulation in 
legumes (Crush, 1973 Smith and Daft, 1977; Carling et al, 
1978). Phosphorus level influences not only mycorrhizal 
infection frequency but also the process of nodulation in 
leguminous species since the legumes are poor competitor for 
soil phosphates. Ho and Trappe (1973) detected the capability 
of Glomus macrocarpum and G. mosseae to reduce nitrate to 
nitrite. Soybean plants inoculated with Glomus fasciculatus 
and /?hizobiumexhibited higher levels of nitrogenase and 
nitrarte reductase as compared to non mycorrhzal plants 
(Carling et al, 1978 ; Bagyaraj et al, 1979 a). Inoculation of 
Medicago sativa with three isolates of AM fungi belonging to 
Glomus mosseae, G. fasciculatum. and G. caledonicum in dual 
combination with six strains of R. meliloti resulted in 
increased plant growth, N and P nutrition as compared to 
single inoculation. G. fasciculatum, G. mosseae , G. 
caledonicum (Azcon et al, 1991). Dual inoculation with AM 
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and i^hizobiurTiresulted in better utilization of phosphorus, 
increased nitrogenase activity in nodules and increased 
nitrogen fixing ability in host plants (Tilak, 1991). 
Effects of inoculation of Hedysarum boreale with 
mycorrhizal fungi and Rhizobiumwere studied in the field. 
After 3 years, plants inoculated with both symbionts had 
greater total above - ground biomass and leaflet biomass, 
more leaves, higher above - ground nitrogen and phosphorus 
content and greater survival than plants which received 
single or no inoculum (Allan, 1988). Bader El-Din and Mowad 
(1988) observed a combined effect of AM and Rhizobiumon 
lentil, fababean and soybean in soils witli low indigenous AM 
spores. The inoculation of the plants with AM fungi increased 
the level of myorrhizal root infection of the three legume. The 
inoculation with Rhizobiurnheid no significant effect on 
percent AM infection, but AM inoculation increased 
nodulation of the three legumes. Plants of chickpea [Cicer 
arietinum ), dual inoculated with AM fungi and Rhizobium, 
showed a maximum utilization of P from mono- and di-
calcium phosphate than plants receiving AM or 
Rhizobiuminoculum alone. N2 fixation increased by dual 
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inoculation which was again enhanced when P (50 Kg P2 O5 
ha-i) and N (20 Kg N ha-i) were supplied ( Singh, 1996). 
Using (15 NH4)2 SO4 at 20 Kg N ha- i , Rao (1986) observed 
increased N2 fixation when applied in combination with 50 Kg 
P2 O5 h a - 1 in the form of super phospha te . Uninoculated 
p lants showed min imum up take and translocation of P from 
lebelled phosphat ic fertilizers (Chaturvedi and Sharma, 
1988). Adholeya et al.,. (1988a) observed a greater yield, dry 
weight and N- up take in p l an t s of Vigna radiata inoculated 
with both mycorrhiza {Glomus caledonicum) and 
Rhizobium{StTain no. Km-1) t h a n single inoculated and 
uninoculated p lants . According to Adholeya et al, (1988b) 
maximum infection rate , nodule number , nodule dry weight 
and nitrogenase activity occurred in V. radiata p lan t s dual 
inoculated with mycorrhiza! fungus and Rhizobiumin field. 
The effect of Glomus macrocarpum was more evident in early 
stages of i^hizoibiurmnteraction, in soil with low P 
concentrat ion and in controlled conditions. AM fungi showed 
a tendency of increasing nitrogenase activity when applied 
with Rhizobium. Acaulospora scrobiculata, Glomus mosseae, 
G. fasciculatum, G. intraradices, G. claroideum, Gigaspora 
margarita and Scutellspora spinosa also promoted the growth 
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of legumes, citrus and maize in green house and in field 
(Vasuvat, 1991).Synergistic effects of dual inoculation with 
AMF with Rhizobia in soybean (Azmi et al, 1980), leucerne 
(Smith and Dart, 1977), Clover (Abbot and Robson, 1977; 
Hayman and Mosse, 1979), frenchbeans (Daft and Giahmi, 
1974), ground nut (Krishna and Bagyaraj, 1989 ), Pueraria 
and Stylosanthes ( Waidyanapha et al, 1979 ) and cowpea ( 
Islam et al, 1980) have also been reported. 
Seed inoculation with Azospirillum brasilense did not 
cause significant increase in yield of few wheat varieties (HD 
2285 and WZ-771) whereas, G/omus/ascicu/afum inoculation 
increased significantly the grain and straw yield of all 
varieties (Singh et al, 1990). Plants inoculated with both AMF 
and Azospirillum fixed more nitrogen and produced higher 
grain yield than singly inoculated plant (Tilak, 1991). 
Improvement of growth, nodulation and nitrogen fixation in 
Stylosanthes hamata through dual inoculation of suitable 
compatible strains of Rhizobiumsnd AMF fungi (Glomus 
mossae) showed a limited improvement in waste land soil in 
comparison to grass soil (Pradhan et al, 2000). Rock 
phosphate application along with microbial inoculation 
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further improved growth and N2 fixing ability in dual 
inoculation. Dual inoculation of AM fungi with 
Rhizobiumshows synergistic effect in improvement of growth, 
nodulation and N2 fixation in legumes (Bagyaraj et al, 1979) 
Dual inoculated plants of Medicago sativa and Trifolium 
alexandrinum showed an increased dry weight (73% and 25% 
respectively) as compared to singly inoculated plants 
(Patterson et al, 1990). Murakami-Muzukami et al, (1991) 
studied the changes in hormonal balance of the plants having 
AM fungi with nodules. Indole acetic acid (lAA) and abscissic 
acid (ABA) content of soybean plant with 
BradyRhizobiumjaponicum nodules and associated with AM 
fungus Glomus etunicatum were determined. The lAA 
contents in nodules, ABA contents in roots, shoots and 
nodules of mycorrhizal plants was higher than non 
mycorrhizal plants. Dual inoculated plants with G, 
faciculatum and B. japonicum of mungbean and chickpea 
showed an increase in plant growth, yield, nitrogen and 
phosphorus contents of root and shoot, chlorophyll content 
of leaves, protein of seeds than single inoculated by either 
one of them or uninoculated plants (Jahan, 1993). 
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MATERIALS AND METHODS 
This chapter gives a brief description of materials and 
methods employed during the course of study presented in 
this thesis. 
1. Botany and economic importance of crops. 
(a) Bengal gram {Cicer arietinum L.):- It is commonly 
known as gram or Begal Gram. It is the most important 
crop of this country. It is a freely branched annual herb 
25-50 cm tall. Stems, leaves and fruits are covered with 
glandular hairs. Strong tap root and lateral roots with 
large lobed nodules are developed. Leaves are pinnately 
compound, Flowers solitary, axillary. Calyx is united 
with 5 tooth corolla, 1 cm long, greenish white to pink 
or blue in colour. Stamens 9 + 1 . Pods are inflated up to 
3 x 2 cm with 1-2 seeds. Seeds are angular upto 1 cm 
in diameter Germination of seeds is hypogeal. 
Chickpea (cv BG-472) grows in India on a wide range of 
soils ranging from sandy loam to clay loan. It is a winter 
season crop. It requires cool climate for its growth and 
development and high temperature for maturity. 
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Chickpea is mainly used for human consumption as 
well as feeding cattle. It is used as 'dal' in split form; whole 
fried or boiled seeds of chickpea are also eaten. Husk and 
bits of 'dal' are used as nutritious feed for animals. Green 
leaves of chickpea are also used as vegetable ('sag'). It 
contains 18.20% protein, 62% carbohydrates, 4% fat and is 
rich source of Ca, Fe and niacin. 
(b) Lentil {Lens culinaris L.): It is an important pulse 
crop of winter season. It is grown in almost all parts of 
the country as a pure crop.It is an annual herb, erect in 
growth and light green in colour. It is freely branched 
with slender stem and softly hairy foliage. It has a 
height of 25-40 cm. Leaves are pinnately compound. 
Flowers are 1-4 in axillary infloresence. Flowers are 
small and 8 mm long pods are smooth and 1.3 cm long. 
Lentil is more cold tolerant than chickpea and unlike 
chickpea, it can yield higher if planted later than 
normal time. This is the reason that many farmers 
prefer it. The general productivity of lentil is very low as 
it is largely grown under marginal conditions. High 
yields can be obtained with the use of improved high 
yielding varieties and agronomic practices. 
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Lentil is mostly used as 'dal'. Its splitted pulse is orange 
yellow in colour. Its whole grains are also used in different 
dishes. Lentil 'dal' is also good for patients. Lentil can also be 
used as green fodder. Its straw is also used as cattle feed. 
Being a leguminous crop, it restores the soil fertility. 
2. Agro-climatic conditions of Aligarh: 
Aligarh has an area of 5,024 sq Kms, situated between 
270 52 N latitude and 78° 51 E longitude in western Uttar 
Pradesh, India at an elevation of 185.45 m. above mean sea 
level. The climate is subtropical, monsoon types with hot dry 
summers and cold winters. The summer season begins in 
April and continues upto June . The average temperature in 
summer remains between 32° C to 35° C, however' the 
maximum temperature may vary between 45° C - 46° C. The 
winter starts from October and continues to the end of 
March. The mean temperature for December and January, 
the coldest months, remains between 13° C to 15° C. The 
average annual rainfall remains around 650 mm. More than 
85% of the total rainfall is received from June to September 
due to the activity of monsoon which breaks over north India 
around the middle of June and some light showers in winter. 
Aligarh has the same soil composition and appearance as 
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that commonly found in western Uttar Pradesh (U.P.) varying 
from sandy, loamy, sandy-loam or clayey loam. The soil used 
in present study was sandy loam. 
3. Source of fly ash:-
The fly ash used in the study was procured from 
Harduaganj power plant situated about 15 Km away in the 
north east of Aligarh Muslim University campus within 
parallels 27029' and 28° 11' north latitude and 27 o 29' and 78 
0 38' east latitude at about 157 m above the mean sea level. 
This power plant consumes a huge quantity of bituminous 
coal daily. Fly ash production at power plant amounts to 
nearly 25% of total coal consumption (650 tons day -') (Fig.2). 
4. Experimentation: 
Following experiments were conducted to evaluate the 
response of Bengal gram and lentil to application of fly ash, 
Rhizobium, Glomus and nitrogen. 
(a) Experiment I and II: These experiments were designed 
to evaluate the performance of chickpea and lentil in 
soils amended with various levels of fly ash. A total of 
seven treatments were given- 0%,5%, !0%, 25%, 50%, 
75% and 100% (v/v) fly ash respectively. 
<LEACHATEI 
'• ^SERVOIR/ 
( 
Fly ash collection site /, 
. 28* 
0' 
i ALIGARH 
° 1 4 K m 
Ikr 
/ RAILWAY STATION 
HARDUAGANG 
ALIGWB 
SCALE 
Figure 2 
L> 11. 
(b) Experiment III and IV : These experiments were based 
on findings of experiments I and II. Plants grown in a 
uniform dose of fly ash of 10% for Bengal gram and 
25% for lentil were given additional treatment of either 
single inoculation with Rhizobium or Glomus 
fasiculatum or dual inoculation with both. 
(c) Experiment V and VI: Plants grown in uniform dose of 
fly ash as in experiments III and IV were supplied with 
nitrogen in the form of basal dose of urea at the rate of 
0, 5, 10,15,20,25 and30 Kg ha ' 
Each treatment was replicated three times and pots 
were arranged in complete randomized block design (CRBD) 
on glass house benches. 
5. Preparation of fly ash-soil mixture: 
The fly ash and garden soil were separately dried in the 
sun for several days and mixed together (v/v) in following 
seven proportions. 
F o + 
F 5 + 
F 10 + 
F 25 + 
F s o + 
F 7 5 + 
F 100 + 
S i 00 
S95 
S90 
S75 
S50 
S25 
S ( 
[Control) 
[ 5% ) 
10% ) 
25% ) 
50% ) 
75% ) 
100%) 
(F = Fly ash; S = Soil) 
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The study was conducted in 15 cm earthen pots. Both 
soil and pots were autoclaved before sowing was done. 
6. Sterilization of seeds: 
Authentic seeds were brought from state form 
corporation of India, New Delhi. They were surface sterilized 
by placing in 0.01% mercuric chloride. (HgCb) solution for 2 
min. Thereafter, the seeds were washed thrice with sterilized 
distilled water to remove traces of mercuric chloride. 
7. Inoculation with AM fungi: 
The culture of AM Fungi was procured from the 
Division of Microbiology, Indian Agriculture Research 
Institute. The spores were applied at the rate of thousand 
spores per pot as a thin layer below the seeds before sowing. 
8. Inoculation with Rhizobium: 
The authentic and viable Rhizobium cultures specific for 
Bengal gram and lentil were obtained from Indian 
Agricultural Research Institute (lARI) New Delhi. Healthy 
seeds were surface sterilized. Following the procedure 
described above. The culture was thoroughly mixed with 
sugar and water. Surface sterilized seeds were treated with 
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this mixture and dried in shade before sowing (Subba Roa, 
1972). 
9. Data recording:-
Following parameters were selected for data recording: 
(i) Root and shoot length, 
(ii) Fresh and dry weight of shoot and root 
(iii) Mean leaf number p l an t ' 
(iv) Mean leaf area, 
(v) Total green area p lan t ' 
(vi) Nodulation 
(a) Mean nodule number p l a n t s 
(b) Mean functional nodules plant i 
(c) Fresh weight of nodules. 
(d) Dry weight of nodules. 
(vii)Chlorophyll a, b and total chlorophyll content. 
(viii) Nitrogen, phosphorus and potassium content of root 
and shoot. 
(ix) Seed protein content. 
(x) Heavy metal content of seeds. 
(xi) Nitrate Reductase activity. 
(xii) Yield 
(a) Number of pods plant-^ 
(b) Weight of 100 seeds. 
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(xiii) Assessment of % root colonization by Glomus. 
(xiv) Spore count. 
(i) Root and shoot length: 
One plant from each replicate was taken out randomly 
and carefully labelled, soil particles adhering to roots were 
gently washed off. Shoot length and root length were 
measured with a measuring tape. Shoot length was taken 
from the point of emergence of the first root to the shoot 
apex. The remaining lower portion was considered for root 
length. 
(ii) Fresh and dry weight of root and shoot: 
The fresh root and shoot were weighed separately on a 
physical balance to determine fresh root and shoot weight. 
Same plant material was weighed again after drying in an 
oven at 60°C for 24 hours to determine dry weight. The root 
weight given in results is minus nodule weight. 
(iv) Mean leaf area: 
Out lines of three leaves selected randomly from each 
replicate was traced on a tracing paper. The area of each leaf 
was measured with the a planimeter. 
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(v) Total green area plant-1; 
The average leaf area was multiplied by mean leaf 
number p lan t ' to obtain the total green area . 
(Vi) Nodulation: 
The nodules present on the root of plant sampled were 
carefully counted. Functional nodules were recognized by 
their piak colour. Nodules from each plant root were plucked 
and weighed immediately from electronic balance to obtain 
fresh weight. Dry weight was obtained by weighing same 
nodules, oven dried at 60 ^C for 24 hours. 
(Vii) Chlorophyll estimation: 
Chlorophyll content was estimated by the method of 
Machinney (1941) One gram interveinal leaf tissue was 
ground in 40 ml, 80% acetone in a mortar and pestle. The 
supernatant was decanted in Buchner funnel lined with two 
Whatman's paper no. 1. The filtration was done with the help 
of suction pump. The residue was ground thrice with 30, 20 
and 10 ml of acetone respectively and filtered as earlier. 
Finally mortar and pestle were washed with 80% acetone, 
and this acetone was also filtered into chlorophyll extract. 
The filtrate was transferred to a 100 ml volumetric flask and 
'2'fLtexix/i C • 0//Li/><Hh 
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t±ie volume was made upto with 80% acetone. The 
transmittance was measured at 645 and 663 nm on a 
"spectronic- 20" colorimeter. The chlorophyll a, b and total 
chlorophyll were calculated accordingly by using optical 
density. 
Chi. a in fresh tissue = 12.7 (O.D. 663) - 2.69 (O.D 645) X V/ lOOOW. 
ChLb in fresh tissue = 22.9 (O.D. 645 - 4.68 (O.D 663) X V/ lOOOX W. 
Total Chi in fresh tissue - 20.2 (O.D. 645)+8.02 (OD.663)x V/1000 x W. 
where 
O.D.= absorbance at specific wave lengths. 
V = final volume of chlorophyll extract in 80% acetone and 
W = fresh weight of tissue extracted. 
(Viii) Estimation of nitrogen,phosphorus and potassium 
in plant material 
For the estimation of nitrogen, phosphorus and 
potassium, plant material was first digested following the 
procedure as given below: 
Digestion of shoot and root samples: 
100 mg oven dried and powdered plant material was 
taken in 50 ml Kjeldahl flask, to which 2 ml chemically pure 
sulphuric acid (H2SO4 ) was added.Flask was heated on 
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Kjeldahl assembly for about 2h, till the emission of dense 
fumes ceased and the contents had turned black. The 
contents were cooled for 15 minutes and thereafter, 0.5 ml 
pure hydrogen peroxide (H2O2 ) was added. The process of 
adding drops of H2O2 heating and cooling was repeated till 
the contents became clear. Aliquot so obtained was 
transferred to a 100 ml volumetric flask and the volume was 
made up to mark with 3-4 washings of Kjeldahl flask with 
double distiUed water (DDW) and used for estimating N, P 
and K etc. (Linder, 1944; Lundegardh, 1951)6 . 
tA .... ' ' 
(a) Estimation of nitrogen:- ^ ^ '" < 
10 ml aliquot was taken in 100 ml volumet±i^ ilask and 
2 ml of 2.5 N sodium hydroxide (NaOH) was added to 
neutralize the excess acid present. One ml 10% sodium 
silicate was added to prevent turbidity and volume was made 
up with DDW. 5 ml of aliquot so treated was taken in a 10 ml 
test tube followed by addition of 0.5 ml Nesseler's reagent 
with shaking and volume was made up with DDW. After 5 
minutes the % transmittance was read at 525 nm on a 
"Spectronic-20" colorimeter concentrations were read from 
standard graph by using optical density (O.D.) (Linder, 1944). 
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Standard curve for nitrogen: 
5 mg ammonium sulphate (NH4)2 SO4 was dissolved in 
100 ml. DDW. From this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7, 0.8, 0.9 and 1.0 ml were pipetted out 10 test tubes and 
volume was made upto 5 ml in each test tube by adding 
DDW. 0.5 ml Nessler's reagent was added to each test tube. 
Optical density was read at 525 nm on a "spectronic-20" 
calorimeter. A blank was run with each set of determination. 
Standard curve was plotted between dilutions of ammonium 
sulphate and corresponding value of O.D.. 
(b) Estimation of phosphorus: 
5 ml aliquot was taken in 10 ml graduated test tubes. 1 
ml molybdic acid ( 2.5% ammonium molybdate in ION 
sulphuric acid) was added to each test tube followed by the 
addition of 0.4 ml 1 amino- 2- naphthol-4-sulphonic acid. 
The volume was made upto 10 ml with DDW. Solution was 
shaken for 5 minutes and then transferred to colorimetric 
tube. O.D. was read at 620 nm on a "Spectronic-20" 
calorimeter. A blank was run with each set of determination. 
(Fiske and Row, 1925). 
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standard curve for phosphorus: 
351 g potassium dihydrogen orthophosphate was 
dissolved in sufficient DDW.10.0 ml IN H2 SO4 was added 
and the final volume was made upto 1 litre with DDW. From 
this solution 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 
ml solution was taken in 10 test tubes. The solution in each 
test tube was diluted to 5 ml with DDW. To each tube, 1 ml 
molybdic acid and 0.4 ml l-amino-2-naphthol-4- sulphonic 
acid was added. After 5 minutes, the optical density was read 
at 620 mm on a " Spectronic-20" colorimeter. A blank was 
also run with each set of determination. Standard curve was 
plotted between various dilutions of potassium dihydrogen 
phosphate and corresponding values of O.D. With the help of 
standard curve, the amount of phosphorus was determined. 
(c) Estimation of potassium: 
Potassium was estimated with the help of a flame 
photometer. After adjusting the filter for potassium in the 
photometer, 10 ml peroxide digested material was run. A 
blank was run side by side with each set of determination. 
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standard curve for potassium: 
1.91 g potassium chloride (KCl) was dissolved in 100 ml 
of DDW, of which 1 ml solution was diluted to 1 litre. The 
resulting solution was of 10 ppm potassium. From this 10 
ppm solution, 1,2,3,4,5,6,7,8,9 and 2 ml solution was 
transferred to 10 vials separately. The solution in each vial 
was diluted with 10 ml DDW. The diluted solution of each 
vial was run separately. A blank was also run with each set 
of determination. Standard curve was prepared by plotting 
different dilutions of potassium chloride solution versus 
readings on the scale of the galvanometer. The amount of 
potassium present in the sample was determined with the 
help of standard curve. 
(ix) Estimation of seed protein:-
Estimation of protein was done by the method given by 
Lowry et al, (1951). 
Following reagents were prepared for estimating soluble 
and insoluble proteins present in the seeds: 
Reagent A-2% sodium carbonate (Na 2 CO3 ) in 0.1 N 
sodium hydroxide (NaOH) in ratio of 1:1. 
Regent B-0.5% copper su lpha te (CuS04 ) in 1% sodium 
tar t ra te in ratio of 1:1. 
Reagent C-50 ml reagent A+1 ml reagent B (Alkaline 
CUSO4). (Carbonate CuS04 soln.) 
Reagent D- Same a s reagent C - sodium hydroxide (Na 
OH). 
Reagent E-Folin's reagent diluted to make IN (Dilluted 
Folin's reagent) 
Standard curve:-
A s tandard curve was prepared by dissolving 40 mg of 
egg a lbumin in O.IN NaOH solution, the volume of which was 
made up to 100 ml by adding DDW. From th is solution, 0.1 
ml al iquots was taken in each of 10 tes t tubes . Reagent A 
was now added to the test tubes . After 10 min. 0.5 ml reagent 
E was added to the test tubes . The percent t ransmi t tance 
were read at 660 nm and s t andard curve was plotted between 
dilutions of a lbumin and corresponding values of O.D.. 
(a) Soluble protein:-
50 mg dry seed power was ground with 5 ml DDW in a 
mortar and pestle. The aqueous extract so obtained was 
centrifuged at 4000 rpm for 10 min. The superna tan t was 
collected in 50 ml volumetric flask and residue was retained 
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in centrifuge tube for estimating insoluble proteins. After 
making the volume upto 50 ml by adding DDW, 1ml of water 
extract was transferred to a 10 ml test tube. 5 ml reagent E 
was added to the protein extract and mixed immediately. The 
control was run along with experimental set. Percent 
transmittance was read at 660 nm after half an hour. The 
protein content were determined with the help of a standard 
curve. 
(b) Insoluble protein: 
The residue left in the centrifuge tube was used for 
insoluble protein estimation. 5ml of 5% tricholoracetic acid 
was added to the residue with shaking. After half an hour it 
was centrifuged at 4000 rpm 10 min. The supernatant was 
discarded. 5ml IN NaOH was added in the residue with 
vigorous shaking. After half an hour it was again centrifuged 
and supernatant was collected in 50 ml volumetric flask and 
volume was made upto 50 ml with IN NaOH. 
1 ml of protein extract was taken in a test tube. 5 ml 
reagent D was added and mixed thoroughly. After 10 min. 0.5 
ml reagent E was added with immediate mixing. IN NaOH 
was used in control. Percent transmittance were read at 660 
nm after 30 min. The protein content was calculated by using 
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the standard curve. Protein content is reported as total 
protein, obtained by summation of values of soluble and 
insoluble proteins. 
(X) Heavy metal content of seeds: 
The analysis was done following the standard 
procedures (Jackson, 1973). Powdered plant material (0.5g) 
was kept overnight in 5 ml of concentrated HNO3. Next day 
10 ml of triacid mbcture (HNO3 : HCIO4 :H2S04 ,10:4:1) was 
added to it for digestion. After cooling, 5 ml of 6N HCl and 50 
ml distilled water were added and the contents were filtered 
into a 100 ml volumetric flask. This solution was directly fed 
to an atomic absorption spectrophotometer (make GBC-902) 
after calibrating the instrument with standard solutions of 
different dilutions (0.5 ppm to 2 ppm). 
(Xi) Estimation of nitrate reductase activity in leaves: 
Nitrate reductase activity was estimated 
colorometrically by the intact tissue assay method of 
Jaworski ( 1971), which is based on the reduction of nitrate 
to nitrite. 
200 mg leaf pieces were transfered to polythene vials, 
containing 2.5 ml phosphate buffer ( pH-7.5) and 2.5 ml 5% 
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isopropanol. To this solution 0.5 ml 0.2 M potassium nitrate 
(KNO3 ) and two drops of chloremphenicol were added to 
check bacterial growth.These vials were incubated at 30 °C in 
an incubator for two hours. 
From these incubated vials, 0.4 ml solution was 
transferred to test tubes. To each test tube was added 0.3 ml 
of 1% sulphanilamide in 3 N HCl and 0.3 ml of 0.02% N-1-
Naphthyl ethylene diamine hydrochloride (NED-HCl).. The 
test tubes were allowed to stand 20 minutes for colour 
development. Thereafter, the solution of the tubes was 
further diluted to 5 ml by adding 4 ml DDW. Percent 
transmittance was read at 540 nm on spectrophotometer. A 
blank was also run with each set of determination. 
Standard cuive: 
30 mg NaN02 was dissolved in 100 ml DDW. From this 
solution, 0.8 ml solution was taken and again diluted to the 
100 ml, from which 0.2, 0.4, 0.6,0.8, 1.0, 1.2, 1.4, 1.6, 1.8 
and 2.0 ml solution was taken in test tubes separately. In 
each test tube, 0.3 ml 1% sulphanilamide in 3 N HCl and 0.3 
ml 0.02% NED-HCl was added. The percent transmittance 
was read at 540 nm on "spectronic 20" colorimeter. A blank 
was run with each set of determination. Standard curve was 
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plotted between dilutions of sodium nitrate and optical 
density (O.D.). 
(Xii) Yield:-
Number of pods per plant and number of seeds p lan t ' 
were counted. Weight of 100 seeds was taken. 
(xiii) Percent AM fungi infection:-
Plant roots were washed, nodules were counted and the 
roots were preserved in formalin-aceto-alcohol to determine 
the % mycorrhizal infection by the slide technique (Nicolson 
1960). The root samples were cut into small segment (1 cm) 
cleared in 10% KOH and stained with trypan blue 
lactophenol (Philips and Hayman 1970). Root segments were 
checked for AMF infection and the percent root colonization 
was calculated as follows: 
Number of AM positive seements 
X 100 
Total number of segments 
(xiv) Spore count:-
Spores were isolated from pot soil of the treatments 
inoculated with VAM fungus, by the wet sieving and 
decanting method (Gerdemann, Nicolson 1963), Repeated 
washings with Ringer's solution were done to separate the 
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spores from soil matter. The suspension thus obtained was 
made up to 50 ml. The spores were counted in 1 ml of 
suspension in a nematode counting dish under the 
stereoscopic microscope. The final number of spores/100 g 
soil was calculated. 
10. Statistical analysis:-
To study the significance of variance in different 
treatments, the one way analysis of variance was carried out 
and the LSD values are given at the base of each parameter 
in all the tables given in result. If the difference between any 
two sample mean exceed the LSD value obtained at 5% 
and/or 1% level, the difference between the two means is 
said to be significant at 5% and/or 1% level ( Panse and 
Sukhatme, 1954). 
11.Soil and fly ash analysis:-
Soil samples and fly ash were passed through 2 mm 
sieve before analysis. Fly ash-soil mixtures of 0, 5, 10, 25, 
50, 75 and 100 % were prepared in the Soil Chemistry 
Laboratory of the Department of Applied Chemistry, Zakir 
Hussain College of Engineering and Technology, Aligarh 
Muslim University, Aligarh. Samples of all mixtures were 
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analysed as per procedures described below to determine 
various physical and chemical soil characteristics. 
(i) Electrical conductivity: 
The electrical conductivity of samples of soil, fly ash 
and different soil-fly ash mixtures was measured with Phillips 
Conductivity bridge, (Jackson, 1958) and dip type cell. A 1:5 
(Sample: water) ratio was used for measurement. Result are 
given in the Table. 
(ii) Estimation of soil pH: 
Soil pH was measured in fresh sample with the help of 
pH meter. 10 g soil sample was suspended in 25 ml (DDW) 
and shaken vigorously. After 30 minutes the pH of the 
suspension was recorded. The pH meter was caliberated with 
a standard buffer of known pH (Jackson. 1973) 
(iii) Moisture content:. 
10 g of soil sample was air dried in hot air oven at 
105°C for 12-16 hrs, allowed to cool in a dessicator and 
weighed. The % soil moisture content was calculated as 
follows. 
Weight of the fresh soil sample = Wi g 
C 'fl</^i<Mi 6^ ' ^ 'lUjJ>0</j g g 
Weight of the dried soil = W2 g 
Moisture ^ W]-W2 
W o - W i 
W-. - W o 
Percent mois ture content = —^ x 100 
(iV) Water holding capacity: 
Air dried soil sample was powdered in a mor tar and pestle 
and passed th rough a fine mesh . A filter paper w a s placed 
in the bottom of a circular b r a s s box with perforated 
bottom and the box was weighed (Wi). It was filled with 
soil. The box with soil was kept in hot air oven for 
complete drying of soil The weight was taken again after 
drying (W2). Now box was submerged in a petridish 
containing water 'A level and left for 12 h r s . After the lapse 
of 12 h r s , the box was gently t aken out of the petridish 
and exces water was allowed to evaporate a t room 
tempera ture and was weighed finally (W3) 
Calculation: 
Wo - W o 
Water holding capacity = — x 100 
W 2 - W 1 
(V) Organic matter: 
Method of Walkey and Black (1947) was used for the 
determination of organic mat ter content in soil and fly ash . 
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Reagents: 
1. Potassium di-chrornate. (1 N aqueous solution) 
2. Concentrated Sulphuric acid 
3. Ortho Phosphoric acid : (85 %) 
4. Diphenylamine indicator : (1% ethanolic solution). 
5. Ferrous ammonium sulphate: (N/2 aqueous solution). 
Procedure: 
2 g soil sample was taken in 500 ml conical flask, 10 ml 
of IN potassium di- chromate solution and 20 ml of cone. 
Sulphuric acid were added to it. The flask was shaken 
vigorously several times and allowed to stand for 30 minutes. 
Thereafter, 200 ml of distilled water, 10 ml of ortho 
phosphoric acid and 1 ml di-phenylamine indicator were 
added to the flask. The excess of unreacted potassium di-
chromate was titerated against standard N/2 ferrous 
ammonium sulphate solution till the violet colour changes to 
a purple and finally to green colour. A blank containing all 
reagents but no soil was titerated for the volume of di-
chromate solution used for oxidation process. The organic 
carbon was calculated by using the expression: 
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% Organic carbon= ^^^^^ ^^^^"^  ' ^"^" \^^ ^^"> x 0.003xN/2xl00 
weight of diy soil in g 
Where N/2 is t±ie concentration of F'errous ammonium 
sulphate 
The value of organic carbon was converted to organic 
matter by multiplying with the factor 1.724. The percentage 
of organic matter of soil , fly ash and their different mixtures 
are in given in Table-45) 
(Vi) Preparation of soil extract for calcium, magnesium, 
chloride, carbonate, bicarbonate: 
loo g soil was transferred to a 750 ml flask, to this 500 
ml DDW was added and the flask was shaken for about one 
hour. The content wre filtered through buchner funnel. 
(a) Calcium: To 25 ml extract, 2-3 crystals of carbamate 
and 5 ml of 16% Na OH solution were added. It was 
titrated with 0.01 N EDTA using mureoxide indicator 
powder till colour change from orange red to purple. 
(b) Magnesium: 225 ml soil extract, 1 ml Na CH (2%) was 
added. Then 5 ml ammonium chloride-ammonium 
hydroxide buffer was added, followed by titration with 
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0.01 N EDTA using Eriochrome Black-T as an 
indicator. The colour change from green to wine red. 
(c) Estimation of chloride: To the 50 ml soil extract 0.5 
mlpotassium chromate indicator was added and it 
was titerated with 0.014 standard silver nitrate and 
calculated as follows: 
( A - B ) X 0.0141 X 35,450 
Mg -1 CI - ^ 
(ml sample) 
Where A= titration for sample 
B= titration for blank 
(d) Carbonates and bicarbonates: 
Estimation of carbonates and bicarbonates was done 
following the method of (Richards, 1954). 50 ml soil extract 
was taken in a clean flask. To this, 5 drops of 
phenolphthalein indicator were added. The soil extract was 
titrated against 0.0IN sulphuric acid till the solution became 
colourless. To the colourless solution from the above 
titration, 2 drops of methyl red indicator were added. It was 
again titrated against 0.0IN sulphuric acid till the colour 
changed from yellow to rose red. This indicated the presence 
of bicarbonate. 
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Calculations: 
Vi= volume of 0. IN H2 SO4 used with phenolpht±ialein 
V2= volume of 0. IN H2SO4 used with methyl red 
carbonates: normality of soil solution (Ni)= — — 
50 
total carbonate= equivalent weight x normality (Ni) of CO3 
.. . . ( V 2 - V i ) x 0 . 1 
bicarbonate : N2)= — 
50 
total bicarbonate= equivalent weight x normality (N2) of HCO3 
(Vii) Estimation of nitrogen: 
Soil mineralizable nitrogen was estimated by alkaline 
permangnate method (Subbiah and Asija , 1956 ). 20 gm 
sample was taken in a 1000 ml Kjeldahl flask to which 20 ml 
of water +100 ml KMn04 ( 0.32% ) + 100 ml NaOH (2.5%) 
solutions were added. 1 ml liquid paraffin was added to 
prevent frothing during boiling and few glass beeds were 
added to prevent bumping. The content was distilled in 
Kjeldahl assembly at a steady rate and the liberated 
ammonia was coUected in a 250 ml conical flask containing 
200 ml of boric acid solution ( mixed with methyl red and 
bromocresol green as indicator). The pink colour of the boric 
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acid solution tu rned to green with the absorpt ion of ammonia 
. 100 ml of distillate was then t i terated against 0.02N 
H2S04..The the nitrogen content was calculated by the 
formula: 
Mineralizable N (Kg-ha-i) = R x 0.02 x 1/20 x 0.014 x 2.24 x 10 ^ 
= R x 31.36 
(Where R is the volume of O . O 2 N H 2 S O 4 used in titration). 
(Viii) Phosphorus: 
Phosphorus was est imated following the method of 
Olsen's ( Olsen et al . ,1954 ). 2.5 gm soil + 50 ml Olsen's 
reagent ( 0.5 N Na HCO 3, pH 8.5 ) was t aken in 100 ml flask. 
The flask was shaken for 30 m i n u t e s on an electric shaker 
and the contents were immediately filtered through 
Whatman ' s no. 1 filter paper. 50 ml filtrate was pippetted out 
into a 25 ml volumetric fiask to which 5 ml Dickman and 
Bray's reagent ( 15 gm amonium molybdate + 30 ml water ) 
was added drop by drop with cons tan t shaking of flask till 
the effervescence of CO2 was ceased. The volume of the 
solution in the flask was then made approximately 22 ml 
with water; 1 ml of freshly prepared s t a n n o u s chloride was 
added and then the volume was made up to 25 ml. The 
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intensity of blue colour was measured at 660 nm by using 
spectrophotometer and the amount was determined from the 
standard curve. Phosphorous was calculated as: 
P(ppm) - Rx 5 0 / 2 . 5 x 2 5 / 5 
= R x 100 
Where R is the ppm of P in the sample (obtained from the 
standard curve). 
Standard curve for phosphorus; Potassium dihydrogen 
orthophosphate was dissolved in sufficient DDW. 10 ml N 
H2SO4 was added and the final volume was made upto 1 litre 
with DDW. From this solution 0.1. 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 
0.8, 0.9 and 1.0 ml was taken in different test tubes. The 
solution in test tube was diluted to 5 ml with DDW. In each 
tube, 1 ml molybdic acid and 0.4 ml l-amino-2-naphthol-4-
sulphonic acid was added. After 5 minutes O.D. was read at 
620 nm on a "spectronic-20" calorimeter. A blank was also 
run with each set of determination. Standard curve was 
prepared using different dilutions of potassium dihydrogen 
orthophosphate solution versus optical density. The amount 
of phosphorus was determined with the standard curve. 
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(iX) Est imat ion of potass ium: 
Available potass ium ( exchangeable and water soluble ) 
was determined from neu t ra l ammonium acetate extract of 
soil ( J ackson , 1973). 5 gm soil was shaken with 25 ml 
neu t ra l ammonium acetate solution ( 2N acetic acid + 2N 
a m m o n i u m hydroxide 1:1, pH 7.0 ) for 5.0 to 10 minu t e s and 
th i s w a s filtered immediately. Potassium concentrat ion in 
the extract was determined with a flame photometer . 
(X) Est imat ion of microneutrients: 
Micronutr ients ( Zn, Cu, Mn and Fe ) in soil were 
determined by the method of Lindsey and Norwell (1978). 
Micronutr ients were extracted from the soil in DTPA 
(Diethylene triamine pen ta acetic acid) reagent). The DTPA 
was prepared by dissolving 1.967 g DTPA and 1.470 g 
CaCl2.2H20 in 20-25 ml of DDW and 13.3 ml 0.1 M 
tr iethenolamine was added to it. The volume were made up 
to 1000 ml and pH was adjusted at 7.3. 
10 gm soil was shaken in 20 ml of DTPA reagent for two 
h o u r s in a Erlemeyer flask and filtered through Whatman ' s 
filter paper ( no. 4 0 / 4 2 ). Micronutrients in the soil extract 
were est imated by atomic absorption spectrophotometer. 
Results 
RESULTS 
Data on growth parameters (root and shoot length, 
fresh weight and dry weight), leaf characteristics (number 
p l a n t s mean leaf area and total green area plant ' ) , 
nodulation (total number of nodules p lan t ' , number of 
functional nodules p lan t ' , fresh weight of nodules p lant ' 
and dry weight of nodules plant ' ) , heavy metal contents of 
seeds (Mn, Cu, Zn, Fe, Co, Cr, Pb, Cd and Ni) and 
biochemical characteristics (chlorophyll contents, nitrate 
reductase activity, nitrogen, phosphorus and potassium 
content of root and shoot and protein content of seed) were 
done on 60 days while yield ( number of seeds plant ^ weight 
of 100 seeds) were recorded at maturity of crops. 
EXPERIMENT-1 
Effect of fly ash on growth, productivity and 
biochemical characteristics of lentil {cv. Malika) 
Shoot length increased significantly in plants grown in 
soil amended with 5%, 10%, 25% and 50% levels of fly ash. 
Same parameter showed a decreasing trend in plants grown 
in soil amended with 75% and 100% levels of fly ash. 25% fly 
ash level caused maximum increase of 68.29% over the 
control. Maximum decrease of 16.5% over the control was 
recorded in plants grown in 100% fly ash. Root length also 
showed an increasing trend upto 50% level of fly ash. 
Maximum increase of 43.24% was recorded at 25% level of fly 
ash. Maximum decrease of 37.83% over the control was 
recorded in plants grown in 100% fly ash level (Table-3, 
Plate-2 A). 
Maximum gain of 77.27% in shoot fresh weight was 
recorded in plants grown in soil amended with 25% fly ash. A 
parallel trend of root fresh weight was recorded in plants 
grown in 25% fly ash amended soil. A significant gain of 
106.00% in root fresh weight was recorded in plants grown in 
25% fly ash amended soil. (Table-3) 
Shoot and root dry weight showed an increase at 
5%, 10% ,25% and 50% levels of fly ash. Maximum gain of 
77.27% was observed in shoot dry weight at 25% level of fly 
ash. Root dry weight showed a significant increase of 89.16% 
at 25% levels of fly ash. Maximum losses of 45.45% and 
37.5% respectively in shoot and root dry weight were 
observed at 100% level of fly ash (Table-3). 
Number of leaves increased significantly at 25% levels 
of fly ash. A maximum increase of 70% in leaf number was 
97 
observed at 2 5 % fly a sh level. Maximum loss in leaf number 
was observed a t 100% level of fly ash . Mean leaf area and 
total green a rea increased significantly at 2 5 % level of fly ash 
showing an increase of 5 6 % and 194.66% over the control. 
However, these variables showed maximum loss at 100% 
level of fly ash . Chlorophyll a increased significantly at 2 5 % 
level of fly ash . It showed an increase of 4 5 % in th is 
t rea tment . In the same t reatment , chlorophyll b and total 
chlorophyll content increased by 5 8 . 3 % and 50% 
respectively. Maximum loss was observed at 100% fly ash, 
5 8 . 3 % in chlorophyll b and 3 8 . 2 3 % in total chlorophyll 
(Table-4). 
There was a marked effect of fly a sh application on yield 
of lentil. A gradual increase in pod number p l a n t ' was 
recorded in p lan t s treated with 5%, 10% and 2 5 % levels of fly 
ash . Maximum and significant increase of 5 0 % in pod 
n u m b e r plant-^ was recorded at 2 5 % level of fly ash. 
Maximum decline of 64 .28% in pod number was recorded at 
100% level of fly ash . 
Weight of 100 seeds also showed an increase at 5%, 
10%, 2 5 % and 5 0 % levels of fly ash. Maximum and 
significant increase of 6 7 . 8 1 % was observed at 2 5 % level of 
98 
?/le^a//: 99 
fly ash. A decline of 14% was recorded at 100% level of fly 
ash (Table-5) 
Application of fly ash caused a significant increase in 
nodule number p l an t ' , number of functional nodule plant ^ 
fresh weight of nodules and dry weight of nodules p lan t ' . 
Nodule number plant"' and number of functional 
nodules showed a maximum increase of 116.66% and 140% 
respectively at 25 % level of fly ash. A decrease of 40% and 
60% in number of functional nodules was recorded at 75% 
and 100% levels of fly ash. However, at the same fly ash 
levels the nodule number plant"' showed a decline of 16.66% 
only (Table 6) 
In the same treatment fresh weight and dry weight of 
nodules increased by 28.41% and 17.73% Maximum loss of 
33.18% in nodule fresh weight was caused by 100% fly ash 
level and at the same fly ash level a loss of 36.70% was 
recorded in dry weight of nodule (Table-6). 
A significant increase in nitrogen contents of root and 
shoot was recorded in plants grown in soil amended with 5%, 
10%, and 25% levels of fly ash. Both the variables recorded 
maximum enhancement of 55.79% and 28.98% respectively 
iytdoulC 
at 25% level of fly ash. A decline in nitrogen content in both 
plant parts was recorded at 75% and 100% levels of fly ash 
(Table-7). 
A similar trend was recorded in phosphorus content of 
shoot and root. Both the parameters showed an increase at 
5%, 10%, 25% and 50% levels of fly ash. Maximum and 
significant enhancement of 83.33% and 56.73% was observed 
in shoot and root phosphorus respectively. Both these 
variables showed a significant decline of 26.56% and 23.40% 
at 100% level of fly ash (Table-7). 
Potassium content of shoot and root recorded an 
increasing trend at 5%, 10%, 25% and 50% levels of fly ash. 
Maximum increase of 68.68% and 80.34% were recorded in 
shoot and root content of potassium at 25% fly ash level. 
These variables showed marked and significant losses of 
8.88% and 13.29% respectively at 100% level of fly ash 
(Table-7). 
Lentil is a staple food crop of north India. Therefore, 
they were analyzed for heavy metal contents. A general trend 
of increase in heavy metal accumulation by seeds with 
increasing fly ash levels was observed. In all, the seeds were 
analyzed for the level of accumulation of 9 metals. These 
c/ieM(lt , «, 
metals may be arranged as follows in order of decreasing level 
in seeds. At 25% fly ash level. 
Fe > Mn > Zn > Cu > Co > Cd > Pb > Cr > Ni 
(45.60) (42.00) (33.20) (7.90) (2.90) (0.89) (0.76) (0.45) (0.42) 
{values are in ppm.} 
As regards the relative uptake of these metals as 
indicated by their percent increase over control at 25% level 
of fly ash may be arranged in decreasing order as follows: 
Ni > Cr > Zn > Fe > Co > Pb > Cu > Mn > Cd 
(100) (73.07) (50.90) (42.5) (26.66) (26.08) (21.53) (20) (18.66) 
(Table-9) 
An account of different metal concentration and their 
percent increase at 25% level of fly ash is given (Fig. 3). A 
comparable account of different metal concentration of lentil 
and chickpea at 100% levels of fly ash is given (Fig. 5). 
Estimation of nitrate reductase activity in freshly 
harvested leaves showed a trend of rise in the enzyme activity 
upto 50% fly ash \^M^\. Maximum increase oi 92.7% in 
enzyme activity was observed in plants grown in soil 
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amended wit±i 25% fly ash. Treatment of plants with 75% and 
100% fly ash resulted in a decline of 16.63% and 31.2% 
respectively in enzyme activity Table-8). 
Protein content increased upto 75% fly ash level. 
Maximum enhancement of 20.3% was observed in plants 
grown in soil amended with 25% fly ash. However, the plants 
grown in pure fly ash showed a marginal but statistically 
significant decrease of 4% in seed protein content (Table-9). 
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Tabic - 6: Effect of fly ash application in soil on yield of lentil 
Fly ash level (%) 
0 
5 
10 
25 
50 
75 
100 
LSD 
5% 
1% 
Number of Pods plant ' 
seeds (g) 
14 00+1 
15 00*+1 
(+7 100) 
17 60"*+1 
(+21 42) 
21 00"t-l 
(+50) 
1 0 0 0 " K 1 
( 28 56) 
7 00"+0 01 
( 500) 
5 00*^+1 
( 64 28) 
1 9 
2 6 
Weig 
4 07±0 02 
4 08±0 015 
(+1 96) 
5 01"±0 05 
(+23 09) 
6 83"±0 01 
(67 81) 
4 50"±0 03 
(+10 56) 
3 95"±0 03 
(-2 94) 
3 50"±0 02 
(-14 0) 
0 03 
0 05 
Values m the parentheses are peicent increase or decrease over the control 
** Values significant at 1% 
* Values significant at 5% 
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Table - 9: Effect of fly ash application in soil on nitrate reductase activity and 
protein content of seeds of lentil 
Fly ash level (%) 
0 
5 
10 
25 
50 
75 
100 
LSD 
Values in the parentheses are percent increase or decrease over the control. 
** Values significant at 1%. 
Nitrate reductase activity 
(nanomoles gm"^  
436 53±0 03 
429 36"±0 06 
(+12 39) 
490 63"+0 035 
(+12 39) 
841 61"±0 05 
(+92 79) 
523 9r*±0 04 
(f20 01) 
363 93**±0 03 
(-16 63) 
300 18**±0 005 
(-31 23) 
5')'o 0 513 
I'K) 0 721 
hr^) 
Protein (%) 
20 00 
21.00"±3 61 
(+5) 
22.10"±0.02 
(10.5) 
24 06**±0.02 
(+20 3) 
22.90**±0. 
(+14 5) 
20,10"±0.05 
(+0 05) 
19.20*'±0 20 
(-4.00) 
0 540 
0 758 
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EXPERIMENT-2 
Effect of fly ash on growth, productivity and 
biochemical characteristics of Chickpea (cv BG- 472) 
Shoot length increased significantly in plants grown in 
soil amended with 5%, 10% and 25% levels of fly ash. Same 
parameter showed a decreasing trend in plants grown in soil 
amended with 75% and 100% levels of fly ash. Fly ash level 
caused maximum increase of 44.18% over the control at 10% 
level of fly ash. Maximum decrease of 19.18% over the control 
was recorded in plants grown in 100% fly ash level. Root 
length also increased significantly at 5%, 10%; 25% and 50% 
levels of fly ash. Fly ash caused maximum increase of 31.48% 
at 10% level of fly ash. A decrease of 19.13% was recorded 
over the control in plants grown in 100% level of fly ash 
(Table-10, Plate-2 B). 
Maximum gain in shoot fresh weight was recorded in 
plants grown in soil amended with 10% fly ash. Maximum 
loss in shoot fresh weight was observed in plants grown in 
pure fly ash. A parallel trend was observed in root fresh 
weight. Plants grown in 10% fly ash made a significant gain 
of 32.55% in fresh weight of shoot, and those grown in pure 
fly ash showed a significant loss of 29.43% in the same 
cKciUU -1-1 -I 
variable. Plants grown in 10% fly ash made a significant gain 
of 40.48% in fresh weight of root and those grown in pure fly 
ash showed a significant loss of 36.54% in root fresh weight 
(Table-10). 
Plants grown in soil amended with 5%, 10%,and 25% 
fly ash showed an increase in shoot and root dry weight. Both 
the variables recorded a maximum increase of 59.03% and 
89.39% respectively in plants grown in 10% fly ash level. On 
the other hand, maximum losses of 27.30% and 26.51% were 
recorded in plants grown in pure fly ash (Table-10). 
Number of leaves increased significantly at 10% level of 
fly ash. This variable showed a maximum increase of 63.63% 
at 10% level of fly ash, while a loss of 27.27% was observed 
at 100% level of fly ash. Leaf area and total photosynthetic 
area p lan t ' showed a significant increase of 16.86% and 
91.24% respectively at 10% level of fly ash. Both these 
variables showed a significant decrease at 75% and 100% 
level of fly ash. Leaf area showed a maximum decline of 
18.43% at 100% level of fly ash while total photosynthetic 
area showed a decrease of 40.67% at the same fly ash level 
(Table-11). 
112 
Maximum increase of 9.58% in total chlorophyll content 
was recorded in plants grown in soil amended with 10% fly 
ash. In the same treatment chlorophyll a and b content 
increased by 5.88% and 13.47% respectively. Decline in these 
variables was observed in plants treated with 75% and 100% 
fly ash, 0.58% in chlorophyll b, 1.3% in chlorophyll a and 
1.06% in total chlorophyll (Table-11). 
There was a marked effect of fly ash application on yield 
of chickpea. A gradual increase in pod number plant" ^  was 
recorded in plants treated with 5%, 10%, 25% and 50% levels 
of fly ash. Maximum increase of 50% in pod number p lant ' 
was recorded at 10% level of fly ash. Maximum decline of 
14.28% was recorded at 100% level of fly ash. Weight of 100 
seeds also showed an increase at 5%, 10% ,25% and 50% 
levels of fly ash. Maximum increase of 46.19% was observed 
at 10% level of fly ash and a decline of 23.31% was recorded 
at 100% level of fly ash. (Table-12). 
Application of smaller doses of fly ash caused a 
significant increase in nodule number p l a n t s number of 
functional nodules, fresh weight of nodules and dry weight of 
nodules. 
Nodule number plant-^ and number of functional 
nodules showed a maximum increase of 83.33% and 71.42% 
respectively at 10% level of fly ash. A decrease of 16.66% at 
100% level of fly ash was recorded in total number of 
nodules. Functional nodules were equal to the control at 
100% level of fly ash (Table-13). 
In the same treatment, fresh weight and dry weight of 
nodule increased by 58.92% and 111.90% respectively. 
Decline in these variables was observed in plants treated with 
75% and 100% levels of fly ash. Maximum loss of 70.23% in 
nodule fresh weight was caused by 100% fly ash level. At the 
same fly ash level, a loss of 60 .71% in dry weight of nodules 
was recorded (Table-13). 
A significant increase in nitrogen content of shoot and 
root was recorded in plants grown in soil amended with 5%, 
10% and 25% levels of fly ash. Both the variables recorded 
maximum enhancement of 29.15% and 21.38% respectively 
at 10% level of fly ash. A significant decline in nitrogen 
content in both plant parts was recorded at 50%, 75% and 
100% levels of fly ash (Table-14) 
A similar trend was recorded in phosphorus content of 
shoot and root. Both parameters showed an increase at 
113 
PTieMfit 114 
5%,10%,25% and 50% levels of fly ash. A maximum 
enhancement of 87.16% and 87.96% was observed at 10% 
levels of fly ash in shoot and root phosphorus respectively. 
Both these variables showed a decline at 75% and 100% 
levels of fly ash. They showed a significant decline of 43.85% 
and 47.36% at 100% level of fly ash (Table-14). 
Potassium content of shoot and root recorded an 
increasing trend at 5%, 10% and 25% fly ash level. A 
maximum increase of 65.09% and 119.29% were recorded in 
shoot and root content of potassium at 10% fly ash level. 
These variables showed marked and significant losses of 
52.35% and 36.84% respectively at 100% levels of fly ash 
(Table-14). 
A general trend of increase in heavy metal 
accumulation by gram seeds with increasing fly ash levels 
was observed at 100% levels of fly ash. Maximum 
accumulation of heavy metal content were observed at 100% 
levels of fly ash. These metals may be arranged as follows in 
order of decreasing level in seeds in ppm. 
Fe > Mn > Zn> Cu Co > Cd > Cr > Pb > Ni 
(40) (24) (23) (5.2) (4.5) (1.31) (1.05) (0.27) (0.62) 
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application of fly ash may be safely recommended for 
optimum production of every crop. 
Present study, conducted in agroclimatic conditions of 
Aligarh, was undertaken to evaluate the response of lentil 
and chickpea to application of various levels of fly ash in soil; 
application of biofertilizers (Rhizobium sp. and/or Glomus 
fasciculatum ) and application of nitrogen fertilizer to plants 
grown in fly ash amended soil. 
Addition of fly ash improved percent porosity and water 
holding capacity of soil (Table-45). Porosity is the air space in 
soil particles and addition of fly ash improves this parameter 
due to fine size of ash particles. Increase in water holding 
capacity was due to greater space in soil particles. Chang et 
al, (1977) reported an improvement in the water holding 
capacity of the soil at an addition of 8% fly ash. Electiical 
conductivity is positively correlated with pH and indicates the 
total concentration of soluble cations and anions (Elseewi et 
a/., 1978). All these parameters showed a rising trend with 
increasing fly ash levels in soil (Table-45). Fly ash is a 
product of coal burning at high temperature, hence, it may 
be logically inferred that organic matter is burnt off and fly 
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ash is left without any organic matter. Therefore, with the 
increasing levels of fly ash in soils, the organic matter 
decreased steadily. Fly ash has higher content of P, K, Ca, 
and such metal ions as Cd, Cu, Zn, Mn and Pb etc. 
Therefore, fly ash amended soils posses high levels of these 
nutrients and metals. Many negative responses of plants 
such as diminished growth and yield may be attributed to 
high metal ion levels, especially boron (Khan, 1996), in soils 
amended with high fly ash level 
All growth parameters of lentil and gram grown in fly 
ash amended soil showed an improvement over the control 
upto 25% and 10% fly ash level respectively (v/v). Fig. 6 and 
7 show the root shoot dry weight and percent gain or loss in 
these parameters in response to fly ash application as 
compared with control. Better growth performance of lentil at 
higher fly ash level indicates that this species is better fly ash 
stress tolerant than chickpea. 
Leaf area is an important parameter that determines 
plant primary productivity. A strong curvilinear correlation 
was found between soil fly ash level and leaf area in both 
crops (Fig. 8 and 9) Many authors have earlier reported 
similar findings (Shrivastava et al, 1995; Khan and Khan, 
1996; Sale et al, 1996; Mcload et al, 1997). Sharma et al. 
(2001) observed an insignificant increase in plant height of 
maize when applied with fly ash at 10 ton ha ^ Malewar et 
al, (1999) observed maximum increase in growth of wheat 
and sunflower plants grown in 1:3 fly ash soil mixture. 
Tripathy and Sahu (1997)observed an improved growth of 
wheat at 50% fly ash level in soil. Khan and Bhardwaj (2002) 
noted an improvement in growth parameters (shoot length, 
root length, shoot fresh weight, shoot dry weight and leaf 
number) upto 50 gm kg-^ soil fly ash level. Similarly, Khan 
and Singh (2001) reported maximum increase in plant growth 
and dry matter production of tomato plants at 3 Kg m-2 fly 
ash. The effect of fly ash on pulse crops have been studied by 
different workers (Kulshrestha, 1995; Jahan,1993; 
Khan, 1996; Khan and Kulshrestha, 1995). This beneficial 
trend may be attributed to improved soil texture or the 
enhanced supply of available nutrients from the soil amended 
with fly ash ( Elseewi et a/.,1980).The beneficial effect of 
nutrients from fly ash have been reported for rice (Sarangi et 
a/., 1997) , wheat (Dubey et a/., 1982 and Pawar and 
yfyJCffMU>-n lyj 
Dubey, 1982), chickpea (Dubey et a/., 1982 and Siddiqui et al. 
2000), and wheat (Khan et al, 2001). 
Rhizobium nodules are a boon of nature to leguminous 
plants. Nodulation helps them grow on nitrogen deficient soil 
(Postgate,1982 and Adriano, 1980). The process of nodulation 
is complex and is known to be affected by a host of 
environmental factors (Gibson and Jordon, 1983; and 
Hopkin, 1999). The factors which influence the nodule 
development and function include temperature, light, 
moisture, carbon-di-oxide, soil pH, nutrient availability and 
combined nitrogen etc. 
In present study, four parameters, total number of 
nodules p lant ' , number of functional nodules plant ^ fresh 
weight of nodules and dry weight of nodules plant"^ were 
studied. There was a slight difference between the response 
of lentil and chickpea as regards the total number of nodules 
plant-1. In chickpea, maximum nodulation (83.3% increase 
over control) was observed at 10% fly ash level while in lentil 
the same parameter reached its peak (68.2% increase over 
control) at 25% fly ash level in soil. 
yfJCf.fMwn 
The substantial increase in nodule number may be 
attributed to several factors. Fly ash is known to raise the soil 
pH (Elseewi et al. 1978, Jastrow et al. 1979 and Page et al 
1979). The effect of soil pH on rhizobial infection is well 
established; low soil pH favours the symbiosis between host 
plant and Rhizobium either by affecting growth and survival 
of rhizobia, by inhibiting infection or indirectly by modifying 
the nutrient availability (Gibson and Jordon, 1983). It 
appears that soil pH at 10% and 25% fly ash levels (7.4 and 
7.8 respectively,Table-45) favoured the growth of and 
infection by Rhizobium resulting in a successful completion of 
the initial phase of nodule development. At higher fly ash 
level, the soil pH further rises but the moisture content 
declines sharply (Table-45). Worall and Roughley (1976) are 
of the opinion that, at low soil water potential nodulation is 
affected by a reduction in root hair infection and the 
suppression of nodules. Wilson (1942) is of the view that 
nodule shedding may occur under very dry conditions and 
this may explain, to some extent, the reduction in number of 
functional nodules plant-1 in lentil and chickpea plants grown 
in soils with high fly ash levels (Table-5 and 13). Fly ash is 
rich in phosphorus but greater part of it is unavailable to 
My.irfixifx>i^, 
plants. Gates (1974); Cassman et al, (1981); and Hart et 
a/.,(1981 ) have shown the benefit of higher phosphorus 
levels on early nodulation and nodule development. 
Moreover, poor nodulation at higher fly ash levels many also 
be a manifestation of over all poor health of the plant. 
Photosynthates needed for the development of the body of 
nodules are supplied by the host plant. A poorly developed 
host plant might have not been able to meet the organic 
matter requirement for healthy nodulation. Poor plant health 
at high fly ash level might be due to at least four factors (a) 
lack of nitrogen in fly ash (b) unavailability of phosphorus (c) 
low soil moisture content (d) high levels of heavy metals 
especially boron. Toxicity to plants of high boron levels has 
been reported by several workers (Francois, 1984; Aitken and 
Bell, 1985; Khan and Khan, 1996; Singh and 
Yunus,2000).Besides this, high pH of ash can cause 
deficiencies of essential trace elements such as Cu, Fe, Mn 
an Zn (Singh and yunus,2000) . An opposite scenario may 
also explain the poor nodule development. Khan and Khan 
(1996) observed an abrupt increase in the avaflable 
phosphorus - fly ash system. This increase was attributed to 
the hydrolysis of Fe, Al and Mg compounds after prolonged 
179 
watering. It may be argued that Mdth the release of 
phosphorus, there may be a concomitant release of bound 
heavy metals which might have adversely affected overall 
plant growth and nodule number. 
Decline in seed protein content may also be attributed 
to poor nitrogen uptake assimilation by these plants due to 
nitrogen deficient nature of fly ash. Deficiencies of nitrogen 
and phosphorus are known to retard plant growth due to 
their role in critically important biomolecules such as 
essential amino acids, structural proteins, enzymes, 
deoxyribonucleic acid and Adenosine triphosphate etc. In this 
study seed protein content was strongly correlated with soil 
fly ash level. Data indicated that with the increasing soil fly 
ash level the seed protein content decreased. A strong 
curvilinear correlation was found between fly ash level and 
seed protein content. (Fig. 10 and 11). 
Application of Glomus and Rhizobium to the soil 
amendment with 10% (chickpea) and 25% (lentil) fly ash 
promoted all parameters studied. It is important to keep in 
mind that plants growing in 10% and 25% fly ash amended 
soil were taken as control in this experiment. The appHcation 
180 
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of either of t±ie soil microbe singly to the fly ash amended soil 
had no appreciable effect on growth or yield of either gram or 
lentil. A nominal increase in some parameters like shoot 
length, root length, leaf number, leaf area, total green area 
and shoot and root dry weight was observed. At the same 
time, increase of 15% in pod number plant-^ 6.48% in 100 
seed weight and 13.63% in seed protein contents was 
recorded in chickpea. Similar results were obtained for lentil. 
Nitrogen content of root and shoot increased by 26% each. 
In the present study, increase in growth parameters 
with Rhizobium may be attributed to the stimulation of cell 
division, cell enlargement and differentiation as a result of 
increased N supply ( Njoku, 1957). Such beneficial effect of 
Rhizobium application in enhancing various growth 
parameters of leguminous crops has also been reported by 
other workers( Nair, et ai, 1970; Anonymous, 1971b; Sahu 
and Behera, 1972; Chowdhury et al, 1974; Varma and 
Subba Rao, 1974; Singh, 1977; Rai and Singh, 1978; 
Bhatnagar et al, 1979, Bisan et ai, 1980; Khamparia et al, 
1981; Saxena, 1981, Islam, 1982 and Pancha et al, 1983. 
4-1 
0 
o 
H 
(S 
0) 
o 
^'S- iO Fly ash in soi l ("/ %) 
a 
o 
o 
I I 
a 
0) 
M 
d 
Fig. 11 Fly ash in soi l (%) 
-Jjfyscusimn 182 
Accumulation of all heavy metals except Pb, Cd and Ni 
increased a little in seeds of chickpea and lentil. The 
increased uptake of Cu, Zn, Mn, Fe and Co etc. may be 
attributed to improved metabolic activities resulting from 
improved plant vigor. The increased uptake of Fe, Cu and Zn 
observed on application of Rhizobium and nitrogen may be 
explained on the basis of the role of these metals in several 
enzyme systems. Iron (Fe) is a part of the catalytic group for 
many redox enzymes for example, the heme containing 
cytochromes and non-heme-iron-sulphur proteins such as 
Reiske proteins and ferredoxin. Copper (Cu) seems to 
function primarily as a cofactor for a variety of oxidative 
enzymes for example, photo synthetic electron carrier 
plastocyanin, cytochrome oxidase and ascorbic acid as 
corbase. Super oxide dismutase is another important copper 
enzymes. Zinc (Zn) activates a large number of enzymes for 
example alcohol dehydrogenase, carbonic enhydrase and 
along with copper superoxidedismutase (Hopkins, 1999). 
Therefore, large quantity of these metals were taken up by 
the plants to ensure unhindered syntheses of metals 
containing enzymes and other metal containing bio 
molecules. Improved seed protein contents in both crops may 
183 
be explained on t±ie basis of increased nitrate reductase 
activity (Table-9 and 16). 
Inoculation of both crops with AM fungi resulted in 
improvement in growth and yield comparable to that caused 
by Rhizobium inoculation. Many earlier workers have found 
similar increase in biomass production consequent to 
inoculation with AM fungi (Verkade and Hamilton, 1985; 
Baas and Lambers, 1988 ; Gupta and Janardhanan, 1991; 
Ganesan and Mahadevan, 1994 ; Verma and Jamaluddin, 
1996). Baas and Lambers (1988) found Glomus fasciculatum 
effective in increasing plant growth and shoot-root ratio of 
Plantago major subsp. pleiosperma . Verkade and Hamilton, 
(1987) found a significant increase in fresh weight of 
Viburnum dentatum. consequent to inoculation with Glomus 
fasciculatum,. This species was found to be more effective 
than Glomus macrocarpum ( Verkade, et al, 1988). Significant 
increase in dry matter yield (Daft and EI-Giahmi, 1976); 
phosphate uptake and stimulation of root and shoot growth 
(Krishna and Bagyaraj, 1982) have been reported in ground 
nut. Joshi (1995) also reported an iacrease in pod yield of 
plant due to AM fungi association. Sreeramulu and Bagyaraj, 
s Jo^cifXiU'-n. 
(1999) inoculated Vazukka cultivar of Cardmom with Glomus 
sp. isolated from local cardmom plantation and found an 
increase in dry weight. Pradhan et al, (2000) studied the 
effect of AM fungi inoculation on Stylosanthes hamata in 
waste land soil in presence and absence of rock phosphate. 
Inoculation of VAM fungi alone also improved shoot length 
and plant dry weight substantially in garden soil as well as 
waste land soil. 
Nitrogen content in AM fungi inoculated plants (AMFP) 
showed a significant improvement over the control but the 
quantum of this increase was smaller than that observed in 
Rhizobium inoculated plants. It may be argued that in AMFP, 
nodulation was caused by the natural population of rhizobia 
present in garden soil and there was no external application 
of Rhizobium inoculum. Therefore, The number of nodules 
plant-1 remained considerably low leading to low nitrogen 
content of root and shoot. It must be pointed out that 
chickpea showed better nodulation and a higher percent gain 
in nitrogen content over control as compared to lentil. These 
findings corroborate earfier reports on enhanced nitrogen 
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uptake by mycorrhizal pJaats (Smith et a/., 1986; Johanson et 
al, 1993; Frey and Schuepp, 1993; Cliquet et a/., 1997). 
Inoculation with Glomus greatly promoted phosphorus 
uptake in both crops. (Table 21 and 28). Several studies have 
documented enhanced phosphorus uptake by mycorrhizal 
plant ( Pacovsky, 1986; Raju et al. 1990; Li et al, 1991a ; 
Gupta and Janardhaa, 1991; Tawaraya et al, 1995 and 
Jackobson, 1999). Li et a/., 1991 reported significant 
improvement in phosphorus nutrition of white clover 
inoculated with AM fungi. Tawaraya et a/.(1995) studied the 
effect of Glomus mosseae and Gigaspora margirata and 
phosphorus uptake and growth of white clover and onion and 
found increased phosphorus uptake and growth of both 
species. Naushin, (1998) while working on Cymbopogon spp., 
and several species of AM fungi reported increased 
phosphorus uptake. Prayitomo (2000) studied the effect of 
Glomus manihotis inoculation and phosphate fertilizers on 
the growth and yield of soybean. AM fungi inoculation caused 
significant increase in growth parameters but a decrease was 
observed in number of pods and seed yield. Costa and 
Paulino (1997) recorded 58-127 % increase in dry matter 
)dJoicuMco-n-
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yield of Desmodium gyroides inoculated with different species 
of AM Fungi 
The mechanisms underlying phosphate movement 
within the AM fungi-host symbiosis are largely unknown. A 
high affinity transporter, likely to be responsible for the initial 
uptake by the extraradical hyphae, has been cloned from 
Glomus versiforme (Harrison and van Buuren, 1995). 
Rosewarne et ah, (1999) have identified a tomato phosphate 
transporter that may be involved in the uptake of phosphate 
that is effluxed across the fungal plasma membrane of the 
arbuscule. Moreover, phytochemical and 
immunocytochemical localization of an H+- ATPase, an 
enzyme that generates the electrochemical gradient of 
protons to drive active secondary transport systems, in the 
plant plasma membrane surrounding arbucular hyphae 
suggests that the phosphate released across the fungal 
plasma membrane into the interfacial apoplast is actively 
taken up into the cortical root cells (Gianinazzi-Pearson et 
a/., 1991, 2000 as described by Ferrol et al. 2002). There is 
evidence that plasma membrane ATPase activity is regulated 
by mycorrhizal colonization (Bago et al, 1997; Benabdellah et 
187 
al, 1999). Ferrol et al. (2002) s tudied the expression of three 
H^ -ATPase genes t h a t have been shown to be active in 
tomato t i ssue (LHAl, LHA2 and LAH4) in wild type and 
mycorrhiza-defective tomato m u t a n t s inoculated and non 
inoculated with Glomus mosseae . They found evidence to 
show tha t development of the AM symbiosis regulates p lasma 
membrane H"^ - ATPase gene expression in roots and leaves of 
hos t plant. Similar s tud ies are needed to unde r s t and the 
mechanism involved in p h o s p h o r u s up take by Glomus 
fasciculatum : chickpea and Glomus fasciculatum : lentil 
systems. 
Very interest ing relat ionship was noticed between 
percent root colonization by AM fungi and yield of two crops. 
Percent root colonization was higher in chickpea (68.4%) as 
compared with lentil (58.7%). In the same t rea tments , 
relatively higher gain of 2 0 % over control was observed in 
chickpea compared to 12% over control in lentil (Fig. 12). 
A great deal of work h a s been done on dual inoculation 
of leguminous p lan t s with Rhizobium sp. and Glomus 
fasciculatum : Cicer arietinum (Subba Rao et a/., 1986), 
soybean (Azimi et al, 1980), Lucerne (Smith and Daft, 1977), 
clovers (Abbot and Robson, 1977), french beans (Daft and 
Giahmi, 1976), ground nu t ( Krishna £md Bagyaraj, 1984) 
Pureria and Stylosanthes (Waidayanatha, 1979) and pigeon 
pea (Singh, 1996). However all these studies were conducted 
in unamended garden or field soil. In present study, the effect 
of dual inoculation of these tw o^ biofertilizers was investigated 
in fly ash amended soil. The effect of co-inoculation on nearly 
all parameters studied was synergistic in nature as compared 
with single inoculation (Fig. 13, 14). Patterson et al. (1990) 
reported an increase of 73 and 29% respectively in dual 
inoculated plants of Medicago sativa and Trifolium 
alexandrum as compared with single inoculated plants. 
Plants of moong bean and chickpea inoculated with Glomus 
fasciculatum and Bradyrhizobium japonicum showed a greater 
increase in plant growth, yield, nitrogen and phosphorus 
content of root and shoot, chlorophyll content of leaves and 
seed protein than single inoculated or uninoculated plants ( 
Jahan, 1993, Kulshreshtha, 1995). Murakami-Muzukami et 
al, (1991) studied the changes in the hormonal balance in 
the plants having AM fungi with nodules. Indol acetic acid 
(lAA) and abscissic acid (ABA) contents of soybean plants 
with Bradyrhizobium japonicum nodules and inoculated with 
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Glomus etunicatum were determined. The lAA content in 
nodules, ABA content in root, shoot and nodules of 
mycorrhizal plants were higher than in non mycorrhizal 
plants. The enhancement of growth and yield in co-
inoculated lentil and chickpea may be attributed to nitrogen 
availability due to dinitrogen fixation by Rhizobium, increased 
phosphate mobilization (Bagyaraj and Manjunath, 1980, 
Hayman, 1980 and Govinda et a/., 1983) and enhanced 
utilization of soil nitrogen (Kessel et a/., 1985, Barea et al, 
1987, Singh, 1988) by Glomus fasciculatum 
Poor plant growth and low nitrogen content in plants 
grown in fly ash amended soil is attributed to extremely low 
fly ash nitrogen content (Mishra and Shukla, 1986a; 
Adriano et a/., 1980). In this study also the plants grown in 
pure fly ash or in soils amended with high fly ash levels 
showed nitrogen deficiency symptoms such as pale green 
colour, low chlorophyll content, low protein content and poor 
plant growth. However, from the review of literature it 
appears that no attempt has ever been made to evaluate the 
plant response to nitrogen application in fly ash amended 
soil. Hence, the results obtained in this experiment will be 
L/^UCUMCi^n -
discussed in the light of earlier studies on effect of nitrogen 
application on plants growing in normal soil. 
Nitrogen is absorbed from the soil as nitrate and is 
reduced and incorporated into organic compounds 
(Bandursky, 1965; Beevers and Hage man, 1969). Nitrogen 
deficiency in plants causes leaves to become pale and results 
in decrease of chlorophyll (Hewitt, 196.3) when nitrogen 
supply is limited, both the rate and extent of protein 
synthesis is affected (Kumawat, et al. 2000 and Nakasathein, 
et al. 2000) and flowering and fruiting are suppressed 
(Agarwala and Sharma, 1976). 
In both lentil and chickpea, the addition of nitrogen had 
a stimulating effect on plant growth and yield. In lentil, 
maximum shoot length and root length were observed at 20 
Kg ha-i nitrogen. Similarly, plant fresh weight and dry weight 
also showed maximum increase at the at 15 Kg ha ^ It must 
be pointed out that chickpea responded better to relatively 
low nitrogen dose as evident from percent increase in dry 
matter, pod number plant" i, and 100 seed weight over control 
which was more than that observed in lentil (Fig. 15, 16). 
Panda (1972) studied the effect of three levels of nitrogen 
^(Araisu>-n -• g -. 
0,30,60 Kg N ha-i on moong. He observed an increase in 
plant height and average height, seeds per pod at 60 kg N ha-
1 (Chawdhary, 1974) recorded an increase in dry weight of 
lentil and 25 Kg N h a ' . Results obtained in present study are 
in close agreement with these results. 
It is well known that most of the leguminous crops 
fulfill nitrogen needs by symbiotic nitrogen fixation. However, 
the process of symbiosis takes its own time to establish and 
become fully operative. Therefore, during early plant growth, 
a starter dose of basal nitrogen becomes necessary 
(Chowdhury, 1968; Lochaiyukul et al. 1970; Jain, 1975; 
Saxena, 1981 and Anonymous, 1984). 
Lochaiyukul et al, 1970 conducted a field trial in 
Thailand to study the effect of nitrogen and plant population 
on morphology, development and yield of uninoculated 
moong (Phaseolus aureus). The study showed that the 
application of nitrogen was imperative for early growth of 
crop while its application did not influence the later 
development of this crop perhaps due to the presence of 
effective nitrogen fixation. Sharma (1970) studied the 
performance of lentil-L-9-12 in relation to NPK fertilizers. The 
' ^ '06cuxico-n ][ 9 2 
yield was reported to be increased with the application of 22 
Kg N ha-i . Khan (1988) applied nitrogen in the form of urea 
because urea yields nitrate rapidly within a few days of its 
application to normal soil having pH greater than 7 due to 
nitrification by micro-organisms (Bidwell, 1979; Salisbury 
and Ross, 1986). The nitrate t hus formed on being absorbed 
by the roots, induces as well as stabilizes the nitrate 
reductase system in the plant which is reflected in higher 
activity of enzyme in leaf (Afridi and Hewitt, 1962,1964). 
Extensive work on mineral nutrition of various crop 
plants conducted in Physiology section of this department 
has also shown that leguminous crops respond positively to 
nitrogen application (Akhtar, et al.,1987; Akhtar and 
Samiullah,1982; Akhtar, 1983; Akhtar, 1986; Samiullah et 
a/., 1985). 
Application of various levels of nitrogen led to increased 
level of these nutrients in plants.In lentil maximum nitrogen, 
phosphorus and potassium content were recorded at 20 Kg 
N. In chickpea, similar results were found at 15 Kg N 
(Increase in plant nitrogen, phosphorus and potassium 
content may be directly attributed to the increased supply of 
^yi^cf/MW/t, , Q o 
nitrogen in soil (Fig. 17, 18). Several workers have reported 
the increase in N uptake due to N application (Shukla, 1964; 
Ramanujam, 1973).The increased uptake of phosphorus and 
potassium may be attributed to acceleration of metabolic 
activities of plant at consequent application of nitrogen. 
Nitrate reductase activity closely followed the same 
trend as that of plant nitrogen content of both crops (Fig. 19). 
The activity of this enzyme increased upto 20 Kg N ha-i in 
lentil and upto 15 Kg h a ' in chickpea. Nitrate reductase is 
known to be an inducible enzyme, therefore, its increased 
activity upto a certain soil nitrogen level may be due to 
increased induction in response to increase nitrate 
availability in soil. Decreased activity of same enzyme at 
supra optimal nitrogen level was probably due to a feed back 
mechanism that inhibits the synthesis of enzymes after a 
certain nitrogen level has reached in plants. 
Nodule number increased in both crops in response to 
nitrogen application (a maximum of 66.6% over the control at 
15 Kg N ha-i and 99.8% over the control at 20 Kg N ha-i in 
lentil). Number of functional nodules also showed similar 
trends. It is well known that most of the leguminous crops 
yOiicaMcc'-n 1 9 4 
need starter dose of nitrogen to meet their nitrogen demand 
before the symbiosis with nitrogen fixers is established and 
becomes operative. Therefore, the control plant which receive 
no external nitrogen supply developed lesser number of 
nodules than those which were supplied a starter nitrogen 
dose. 
CONCLUSION 
Following conclusion were drawn from the results of 
this study. 
1. Fly ash, in small doses, is beneficial for the growth and 
productivity of lentil and chickpea. 
2. A 25% (v/v) application of fly ash in soil is advisable for 
optimum growth and yield of lentil. 
3. A 10% (v/v) application of fly ash in soil in advisable for 
optimum growth and yield of chickpea. 
4. Lentil is more tolerant to the stress caused by fly ash. 
5. Co-inoculation of these crops with Rhizobium and 
Glomus fasciculatum in mildly affected fly ash areas is 
advisable to promote growth and yield substantially 
without application of chemical fertilizers. 
6. Application of nitrogen, 20 Kg ha-i for lentil and 15 Kg 
ha-i chickpea is advisable for optimum growth of these 
crops in areas mildly affected with fly ash. 
(0 
o 
a. 
o 
!E 
u 
•a 
c (0 
c 
a> 
0 
n 
E 
3 
C 
T3 
O 
a 
c 
a> 
(0 
a> 
u 
c 
T3 
C (0 
(0 
3 
o 
CD 
n 
c 
o 
• ^ 
(0 
N 
"E 
_o 
o 
u 
o 
o 
ss 
_ I 
1-
y III 
_ l 
Q 
< 
m Q. 
V 
( • ) 
J-
u 
• 
E 
3 
C 
•o o a 
0) 
n 
u 
c 
M 
N 
'E 
JD 
O U 
o 
o 
O) 
o o o o o o 
(0 
*^ 
o 
•a 
c 
10 
'S 
o 
o 
£ (0 
•o 
c 
CB . 
O (0 
O 10 
J2 lO 
C CM 
.2 c 
n • -
-I 
w o 
> o 
.2 w 
* - (0 
" • I O -Q 
_c 
75 
"5) 
c 
u 
£ 
HI 
CO 
O) 
OJ 
CO (0 
3 
U 
§ 
LJ 
"o 
o Q: 
O 
h 
o 
o 
r 
w 
• 
(0 
(/I CO 
E 
CD 
O 
u 
(A 
CD 
+ 
E 
3 B 
o 
N 
Z 
i 
c 
iS 
Q. 
5 
"3 (J 
o 
.2 
d 
+ 
c 
iS 
Q. 
I 
CM i I 
N 
+ 
C 
re 
CO <M 
O) 
£ 
a> 
o $ 
t 
•a 
• * \ 
o > 
o £ 
lA 
•o 
o «» 
O 3K 
»- !C 
C ^ 
O £^ 
o 
<A T > 
-<-• 
c c O • " 
| 2 W O) 
O 5? 
2 t 
C H-
o o 
3 W 
o P 
— ^ 
•5 To 
•o o 
«J -o 
o> c C CO 
CA 
§ 
u 
^ 
(£ 
• 
n 
? 
^ w 
• 
(0 
n) E 
o 
m 
D 
D) 
c 
(0 
c 
(0 
0) 
E 
3 
C 
•o 
o 
a 
«r (0 (0 
E 
o 
!5 _. 
c V 
o c 
— £ 
W O 
c w 
— -a 
C 0) 
o a> 
• ^ « (D O 
U O 
— T -
O) '5) 
S5 
(0 
>. 
UJ 
•A 
d) 
iZ 
(0 
E 
o 
in 
D 
E 
o 
CL 
• 
0) 
m 
o 
o 
1 
• 
JdquiriN 9 (B) IMBjdM 
o 
o 
•a 
c 
n 
c 
iS 
a 
0) 
n 
E 
3 
C 
•a 
o 
a 
to" 
(A (0 
o <o 
io 
i^  
• ^ o 
Q. 0> 
Q. '(I) 
c ^ 
E 
o 
iX) 
• 
i— 
b 
3 
o 
Q. 
a 
• a 
0} 
<rt 
o 
o 
^t— 
O 
1 
B 
• mminilWlifriiliiiHrllilinl 
^ 
O) 0) 
2 «fl 
c 
•a 
c 
a 
(A 
n 
>. 
UJ 
o> 
D> 
iC 
o 
CO 
II 
« 
tM 
II (O o 
CM 
II 
in 
to 
II 
CO 
lo" 
II 
o" 
II 
O 
O 
jaqiunN pue (6) ;M6!3/V\ 
c 
0) 
c 
c 
o 
o 
Q. 
o 
o 
(A 
c 
o 
o 
w 
c 
o 
_w 
"Q. 
a 
a 
c o 
a> p 
"E 
"5 
t> 
o )t lU 
c 
CD 
O) 
o l _ 
• * - ' 
z 
1 1 t 1 
^^  
o 
^ 
CO 
3 
o 
Q. 
o f 
0. 
1 
1 
f 
1 
E 3 
CO 
o Q. 
1 L f r 
CD 
in 
o 
CO 
CM 
II 
<£> 
o" 
CM 
in 
4 
II 
II 
CM 
? 
(0 
JZ 
"a) 
f 
CM 
O) 
CO CM 
(looqs uj MdN %) 
CO 
o 
o 
C 
c o 
o 
a. 
z 
c 
o 
o 
V) 
c 
_o 
(0 
o 
'Q. 
Q. 
CO 
t 
c 
•5 
c (Si 
O) 
2 
2 
w 
5 E 
O 3 
• c : - ^ • ( • n 
9-°w <" ' " m 
o xiS -^ ;SO Q. 1:^1. \ + 1 
UJ 
iZ 
II 
I*. 
ui 
CM 
II (D 
o" 
CM 
II 
•O 
II 
n 
u> 
II 
CM 
I 
I 
CO 
(JOOMS uj >JdN %) 
n 
0) a 
o 
!£ 
o 
• o 
c 
n 
c 
a> 
CD 
0) Q. 
O 
o 
f •dj^i^tf^rrfi *i l- i MJUfaUOmniimMUmimMitlkM, 
^ ^ ^ ^ M ^ ^ ^ e ^ t f ; -SV Ji^ 
g 
1 
c 
re 
o 
'a. 
o. 
m 
c 
« 
o 
•a 
c 
re 
(0 
« 
UJ 
d> 
o o o o 
CD 
O 
O 
in 
o o o o 
CO 
o o 
CM 
o o 
( /^6/s l^oul u) vyw 
Summary 
SUMMARY 
This study was conducted at the department of Botany, 
Aligarh Muslim University, Aligarh. The objective of this 
study was to evaluate the performance of lentil [Lens 
culineris) and chickpea (Cicer arietinum) in relation to fly ash 
application, single inoculation with either Rhizobium or 
Glomus fasciculatum, of the plants grov^ na in fly ash amended 
soil, co-inoculation with both symbionts and application of 
various levels of nitrogen fertilizers on plants grown in fly ash 
amended soil. 
A total of six experiments, designed to achieve these 
objectives, were conducted the plants were grown in 15 cm 
pots. For experiment I and II the plants were grown in 1, 5, 
10, 25, 50, 75 and 100% fly ash soil mixture (v/v) for 
experiment 3 and 4, the pots of each crop were divided into 3 
batches. Two batches were singly inoculated with Rhizobium 
or glomous and plants of third batch were given dual 
inoculation with Rhizobium and Glomus. For experiment V 
and VI both crops were given basal application of urea @ 0, 5, 
10, 15, 20, 25 and 30 kg Nha ' . In experiments 3,4,5 and 6 
the crops plants were grown in a uniform mixture of fly ash 
and soil, 10% for chickpea and 25% for lentil. In each 
Qya m/m.ar-'i, 
experiment, the soil and pots were autoclaved before sowing 
the surface sterilized seeds. 
Growth and yield parameters (root length, shoot length, 
fresh weight of root and shoot, dry weight of root and shoot, 
number of nodules plant-^' weight of nodules, number of pods 
plant-^ and weight of 100 seeds were measured. Parameters 
associated with Rhizobium and Glomus inoculation (nodule 
number p l a n t s number of functional nodules plant^ , fresh 
weight of nodules, dry weight of nodules, percent root 
colonization and mycorrhizal spore count) were also 
measured. It was found that lentil showed best performance 
at 25% fly ash level while chickpea showed comparable 
results at 10% fly ash level. It was concluded that lentil is 
more tolerant to the stress caused by fly ash and soil. 
In inoculation experiments, combined inoculation with 
Rhizobium and Glomus gave best results nearly comparable to 
that obtained by application of nitrogen. 
Application of nitrogen at 25 kg ha-ipromoted to 
maximum level, the growth and productivity of lentil while 
chickpea responded in the same manner to 20 kg ha-^ 
nitrogen. 
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